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THFvMICROBIOJ-OCjY of the UPPER AIR 1 

Fred T. Wolf 

A most important development in the study of microorganisms occurring 1 
in the upper air is marked by the work of Stakman et al. (1923), who were 
the first to make use of the airplane for microbiological work, in collecting 
fungus spores from altitudes of‘as much as lb,500 feet. Soon afterward, 
Mischustin (1920) isolated numerous bacteria upon plates of nutrient media 
exposed from airplanes above the city of Moscow. Although bacteria, fungus 
spores, and pollen grains compose by far the greater portion of the aerial 
flora, the finding of aetinomycetes, yeasts, algae, and moss spores (vail 
Overeem, 1936) at considerable altitudes has resulted in the establishment 
of aerobiology as a fertile field of microbiological research. 

The apparatus and techniques employed in collecting and studying 
organisms from the air have necessarily been diverse. Glass slides coated 
with vaseline or glycerine jelly and examined microscopically, or Petri 
dishes containing nutrient media for cultural studies have been used by 
many investigators. Among tin* more elaborate a])pliances that have been 
devised may be mentioned the ingenious apparatus for use with balloons, 
developed by Fhatterjee (1931), the “sky hook” of Meier and Lindbergh 
(1935), the parachute apparatus of Rogers and Meier (1936) for collecting 
bacteria from the stratosphere, the apparatus of van Overeem (1936), and 
the bioaeroeollector of Proctor and Parker (1938). The various types of 
apparatus, the techniques of using them, and the evaluation of data obtained 
by their use have been discussed in recent articles on aero biological methods 
by Durham (1941) and the Fommittee on Apparatus in Aerobiology (1941). 

The results of efforts to collect microorganisms from air over the ocean 
remote from land (Bisbv 1935; Meier 1936a; Meier and Lindbergh 1935; 
Kittenberg 1939; Durham 1941) show that organisms in the air can be trans¬ 
ported for lon«? distances. Durham (1938a) has described a movement of air 
masses in which AHcrnana spores, originating in Minnesota, were carried 
to the Atlantic and Gulf coasts in about fifty-five hours, and in which 
“thousands of tons of mold spores were transported an average distance of 
several hundred miles.” 

The practical importance of aerobiologies! investigations is well illus¬ 
trated in the field of plant pathology by studies of spore dissemination in 
the cereal rusts made by Stakman et al. (1923), Craigie and Popp (1928). 

1 Paper presented before the Association of Southeastern Biologists in Miami, Flor¬ 
ida, on April 17, 3942. 

! i 

[Thk Bulletin for December (69: 027—7J1) was issued Dectmibei 2, J942] 
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Peturson (1931), and Hubert (1932). The incidence of air-borne fungus 
spores in relation to human allergy has been extensively studied by Durham 
(1937, 1938a) and others, while studies on air-borne pollen grains in rela¬ 
tion to allergic conditions in man are so numerous as to be entirely beyond 
the scope of this brief review. 

Just how far above the surface of the earth living organisms exist is still 
an unanswered question. Stakman et al. (1923) and Meier, Stevenson, and 
Charles (1933) report a decided decrease in the number of microorganisms 
above 8,000-11,000 feet. Walker (1935) failed to find bacteria above an alti¬ 
tude of 19,000 feet. On the other hand Proctor (1934) reported that bacteria 
and fungus spores were obtained at the greatest altitudes studied by him, 
namely, at 20,000 feet. Stevens (1936) and Rogers and Meier (1936) re¬ 
ported the isolation of bacteria and fungus spores from the stratosphere at 
altitudes in excess of 36,000 feet. 

In order to remain viable at high altitudes, organisms must be highly 
resistant to fluctuations in temperature, atmospheric pressure, and humidity, 
and to exposure to large amounts of ultraviolet radiation (Proctor 1934; 
Meier 1936b; Jacobs 1939). In spite of these environmental factors unfavor¬ 
able for microorganisms, a surprisingly large number of forms have been 
found to occur at considerable altitudes. The bacterial flora of the air has 
been investigated by Misehustin (1926), Proctor (1934, 1935), Walker 
(1935), Rogers and Meier (1936), Proctor and Parker (1938), and Ritten- 
berg (1939). Forty-nine species of eight genera, including spore-forming 
rods, non-spore-forming rods, and cocci have been identified by Proctor et 
al. The fungus flora of the air is even more diverse, and representatives of 
some forty genera, chiefly Fungi Imperfecti, but also including rusts, smuts, 
ascomvcetes, and Mucorales, have been found at altitudes of several thousand 
feet (Brown 1930; Meier, Stevenson and Charles 1933; Proctor 1934, 1935; 
Meier and Lindbergh 1935; MaeQuiddy 1935; Durham 1937, 1938; Tasugi 
and Kurosawa 1938; Rittenberg 1939). 

MATERIALS AND METHODS 

The present studies wore undertaken in order to determine the kinds of * 
microorganisms present at various altitudes in the air over Nashville, Ten¬ 
nessee, to obtain quantitative data as to relative prevalence of the various 
kinds, and to attempt to correlate these data with existing weather condi¬ 
tions. ^ix flights were made from Berry Field, Nashville, during the months 
of October, November, and December, 1941, and January and February, 
1942. 

No exposures were made at altitudes of less than 1,000 feet, in order to 
rule out the rather large amount of contamination from the surface of the 
earth experienced below this level. The first three flights, on October 19, 
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October 26, and November 9 were made at comparatively low altitudes of 
1,000-2,000 feet, and were of a preliminary nature, devoted to becoming 
familiar with the manipulation of apparatus, to determining proper times 
of exposure, and to gaining some indication of types of organisms to be 
found. On December 6, plates were exposed at intervals of 1,000 feet of alti¬ 
tude (on both the ascent and descent) up to a maximum of 10,600 feet. Simi¬ 
lar exposures, at lesser intervals of altitude, up to maxima of 6,000 feet and 
3,500 feet were made on January 25 and February 22, respectively. 

The technique employed consisted in exposing Petri dishes containing 
ordinary nutrient agar (beef extract, 3 gm.; Bactopeptone, 5 gin.; agar, 15 
gm.; distilled water, to make 1,000 cc.). In order to guard against contami¬ 
nation, and also to lessen the condensation of moisture during the sudden 
cooling incident to exposure, the plates were poured two days prior to use. 
The dishes were kept firmly closed, except during exposure, by heavy rubber 
bands. Exposures were made, generally for a thirty-second period, by ex¬ 
tending the dish at arm's length from the cabin window, removing the to]) 
and replacing it by hand. 

Although the plates were exposed in the disturbed air in the wake of the 
propeller, it has been demonstrated by Meier and Lindbergh (1935) that the 
rush of air during the early stages of flight thoroughly removes dust par¬ 
ticles from the surfaces of the plane, so that contamination from this source 
must bo regarded as unlikely. This conclusion is supported by the occasional 
occurrence of a sterile Petri dish, following an exposure of thirty seconds 
to the air stream, as well as by the data concerning the decrease in organ¬ 
isms at increasing altitudes. Approximately seventy-five plates were exposed 
in the course of this work. Adequate controls were provided by two plates, 
carried along at each flight, but unexposed, in which no colonies developed 
after incubation. 

For each flight, records of the ground drv-bulb temperature, wet-bulb 
temperature (dew point), relative humidity, wind direction, wind velocity, 
and cloud formations were provided b\ tlie Weather Bureau. On the Decem¬ 
ber 6 flight to 10,600 feet, supplementary readings of the air temperature 
at various altitudes were obtained from a thermometer mounted on the wing- 
strut. For each plate exposed, records of the altitude, the length of the 
exposure (usually thirty seconds), and the air speed of the plane were taken. 
From this information, the area of the surface of the Petri dish exposed, 
and the counts of colonies which developed upon incubation of the plates, 
quantitative data as to the number of organisms present per cubic foot of 
air at the various altitudes were secured. 

The plates were incubated at room temperature for seventy-two hours, 
at which time counts wore made of the number of bacterial and fungus colo¬ 
nies. Yeasts and actinomycetes were included with the bacteria in these 
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counts. From each macroscopically distinct type of colony developing on 
each plate, transfers were made to slants of nutrient agar, and the resulting 
cultures were used in identification of the various organisms collected. 

BACTERIA 

Previous investigations, including those of Mischustin (1926), Walker 
(1935), Proctor (1934, 1935), Rogers and Meier (1936), Proctor and Parker 
(1938) and Rittenberg (1939), have disclosed that in the upper air bacteria 
are far more numerous than fungus spores or other organisms. Counts of 
bacterial colonies were made on all the plates exposed, and a limited number 
of them, including the plates exposed at the 6,000-10,600 ft. levels on Decem¬ 
ber 6, 4,000-6,000 ft. on January 25, and 2,000-3,500 ft. on February 22 
were selected for detailed taxonomic studies. 

From these plates, sixty-one isolates, representing twenty-nine distinct 
species, were identified according to the characteristics given in the fifth 

TABLE 1 

Bacteria found in 1he upper air 

Tho figures indicate the mini Lev of isolates of each species which were identified 


Dec. 

0 


Jan. 

23 


Feh. 

oo 


Total 


Achromobacter ciishnovorum Barber and Burrows 0 

Achromobacter f/uttatum (Zimmei maim) Bergey 0 

Achromobacter liquid tun (Frankland and Frankland) Berger 0 
Bacillus adhaerens Laubacli 0 

Bacillus a<in Laubach and Rice 0 

Bacdtux cert ns Frankland and Frankland 1 

Bacillus f usiformis Gottheil 0 

Bacillus mipallierium DeBary 2 

Bacillus mesenf mens Trevisan 0 

Bacillus mpcoides Flugge 0 

Bacillus subtdis Colin 0 

Bacillus ubicuilarius Soriano 0 

Flavobactcrium dcvoratis (Ziimnennann) Bergey 2 

Flavobactcrium fuscum (Ziimnennann) Bergey 0 

Flavobactcrium lacunatum (Wright) Bergey 0 

Flavobaclcrium sulfurcurn Bergey 0 

Micrococcus aurantiacus (Bchroter) Cohn 0 

Micrococcus candicons Flugge 1 

Micrococcus con f/lomeratus Migula 1 

Micrococcus corallinus Cantani 0 

Micrococcus flavus Lehmann and Neumann 0 

Micrococcus freudcnreichn Guilleboau 4 

Micrococcus lutens (Kchrdter) Colin 0 

Micrococcus perfiarus Bergey 0 

Micrococcus rosacrus Frankland and Frankland 1 

Micrococcus subcilrcus Migula 1 

Pseudomonas striata Chester 0 

Bareina flora DeBary 2 

Scrraiia pip mouth crisis (Migula) Bergey 1 


1 

1 

o 

1 


0 

1 

4 

0 

1 

1 

0 

0 


0 

0 

0 

I 

0 

1 

0 

0 

0 

1 

1 

1 

0 


0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

0 

0 

0 

I 

1 

1 

1 

0 

0 

0 

3 

3 

i 

i 

o 

o 

o 

o 

O 


1 

1 

i 

o 

■4 

a 

1 

4 

4 

l 

•> 

1 

3 

1 

1 

3 

l 

i 

i 

I 

3 

8 

1 

1 

1 

o 

1 

3 

3 
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edition of Beroev’s Manual of Determinative Bacteriology. The species 
found, and the number of cultures of each which were identified, is pre¬ 
sented in table 1. 

Spore-forming rods, of the genus Bacillus, comprise 37.7 per cent of the 
cultures, while 24.6 per cent are non-spore-forming rods, and 37.7 per cent 
are cocci. A comparison may be made with the figures 52.2 per cent, 20.0 
per cent and 27.8 per cent respectively, cited by Proctor (1034), showing 
that fewer spore-formers and more cocci occurred among the present 
collections. 

All of the spore-forming rods collected proved to be Gram positive. Like¬ 
wise all of the cocci (with the exception of two Gram variable organisms) 
were Gram-positive. Both Gram-negative and Gram-positive non-sporc- 
fonning rods were obtained, however, the former group being the more 
numerous. 

It is of more than passing interest to compare the present list of bacteria 
with the forty-nine species collected by Proctor (1934, 1935) and Proctor 
and Parker (1938). Eleven species; namely. Bacillus cere us, B. megatherium , 
B. m esc nt ericas, B. mycoules, B subtil is, Micrococcus Candidas, M. coral - 
linns, M. conglomeratus, M. flavus . M. perjlavus , and Havana flava are to be 
found in both lists. The similarities between the two studies are, however, 
greater than is shown by the number of identical species. Proctor et al. list 
three species of Flavobactenum and seven species of Achromobacter. The 
present list includes four species of Flavobactenum and three of Achromo - 
bacler , but no single species is common to both lists. Proctor found only two 
genera not isolated at Nashville, namely Kurtlna and Staphylococcus, and 
the present list has only two genera. Pseudomonas and Herratia, not found 
by him. If one makes allowance for the fact that the same genera may be 
represented by different species, and that many of Proctor’s cultures were 
isolated from altitudes greater than those studied by us, the accordance 
between the two lists is very (dost*. 

The findings of Proctor (1934) and Kittenberg (1939) that aerial bac¬ 
teria generally are of types commonly found in soil or water, that they are 
in general unable to ferment the common sugars with formation of gas, and 
that they are characteristically unable to produce indol is borne out by our 
studies. 

FUNGI 

One hundred and twenty isolates, obtained at different altitudes on the 
various flights, were identified to genus. Except in a few genera, identifica¬ 
tion to species was difficult or impossible, because of lack of adequate keys 
and of type cultures for purposes of comparison. The cultures included 
representatives of one genus of Phycomycetes, one of Ascomycetes, and 
fourteen genera of the Fungi Tmperfecti. Among the latter, most of the 
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isolates belonged to the families Moniliaeeae and Dematiaceae of the Moni- 
liales, the two families being about equally well represented. One genus 
of the Tubereulariaeeae and one of the Phomales were also encountered. 
The various genera, next to be discussed separately, with the number of 
cultures studied from the various flights, are listed in table 2. 

Mucor. Two cultures obtained at low altitudes on February 22 were 
examined by Dr. Victor M. Cutter, Jr., who found that they belong to the 
section Micromucor , and are closely related to Mucor ramanianns. Oh lam- 
vdospores and sporangia, but not zygospores, are produced in culture. 
Species of Mucor and Rhizopus have been previously obtained from the 
upper air by lingers and Meier (1936) and Tasugi and Kurosawa (1938). 

Ciiaetomium. Two cultures, isolated on December 6 at altitudes of 1,000 
and 3,000 feet, were identified as (\ murorum Corda. The characteristic 
setosely appendaged perithecia, containing eight-spore<l asci, are produced 
abundantly in culture. This genus has previously been found in the aerial 
flora by Meier, Stevenson and Charles (1933). 

Acladiitm. A single culture, obtained from a plate exposed at 8,000 feet 
on December 6, was identified as a member of this genus. The eonidia are 
hyaline, globose to ellipsoid, with smooth walls, and are borne in a pleurog- 
enous fashion on simple conkliophores. 

Asperuillus. Two species of Aspergillus were isolated. On January 25, 
at an altitude of 3,500 feet, cultures were obtained of a black-spornl species 
of the A. viyer-gv oup, with minutely spinulose eonidia and sterigmata in a 
single series. This isolate corresponds with the description of A. luchuensis . 

A. terreus was collected twice, at 5,800 feet on January 25, and again on 
February 22 at 3,500 feet. It is characterized by yellowish brown eonidial 
heads, bearing both primary and secondary sterigmata. 

Cephalothecitjm. Two similar strains of Ccphalothecnnn were encoun¬ 
tered on January 25 and February 22, both at an altitude of 1,500 feet. The 
mycelium in culture has a fluffy appearance, and bears capitately groups of 
two-celled pinkish eonidia. The occurrence of this genus in the upper air 
has been reported by Stakman et al. (1923). 

Oospora. A single isolate referable to this genus was collected from the 
2,200 foot level on February 22. 

pENiciLLruM. The only species of Pnucillium to appear in the present' 
collections was an unidentified form of the group Asymmetrica, obtained 
on January 25 at an altitude of 2,500 feet. 

Suopulariopsis. At an altitude of 1,600 feet on October 26, a single cul¬ 
ture of Scopulariopsis brcvicaulis (Sacc.) Bain, w T as obtained. Identification 
was made by Dr. D. H. Linder. This species, sometimes placed in the genus 
Penicillium, produces eonidia of a cinnamon brown color, with warted walls. 
It is known to cause infections of the toe-nails and finger-nails in man, and 
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is perhaps even better known because of its physiological property of break¬ 
ing down arsenic compounds to liberate arsine. 

Vicrticillium. Six closely similar isolates of Vcrticillnrm were collected 
on October 19, October 2(i, November 9, and December 6 at altitudes of 
1,000-1,500 feet. The mycelium bears numerous lateral whorled conidio- 
phores, each of which bears a single ellipsoid eonidium at its tip. The conidia 
separate so readily from the tips of the conidiophores that it is difficult to 
find a mature one attached in microscopic preparations. From the evidence 
at hand, it appears probable that Verticil!him is almost always present in 
small quantities in the air over Nashville. 

Alternaria. Twenty-seven isolates of Altcrmriu were studied during the 
course of this work. This genus was collected on all flights except one. Of 
twenty-one plates exposed on December 6, Alternaria was found upon eight, 
one of which was exposed at an altitude of 7,000 feet. It appears, therefore, 
that Alternaria spores are commonly present in the air in rather large quan¬ 
tities. This finding confirms the experience of Stakman et al. (1923), Meier, 
Stevenson and Charles (1933), Durham (1937, 1938, 1941), and Tasugi and 
Kurosawa (1938). 

Brachykforifm. This genus, characterized by two-four celled, dark 
brown or black phragmosporous conidia, was found only once, at an altitude 
of 1,000 feet on November 9. It has been reported from the air over Tokyo 
by Tasugi and Kurosawa (1938). 

Helm inthosforifm . In the experience of many others, including Stak¬ 
man et al. (1933), Meier, Stevenson and Charles (1933), Durham (1937), 
and Tasugi and Kurosawa (1938), Helminfhosi/ortum is of rather common 
occurrence in the air. Two collections on February 22, at an altitude of 
1,500 feet, indicate that the brown, multicellular, elongate spores character¬ 
istic of this genus do not appear to be nearly so common near Nashville as 
elsewhere. 

II ormodendrum. Twenty-four of the 120 cultures studied belong to the 
genus 11 or mod emir nm. It was isolated on every flight with the exception of 
the one made on October 26. A culture from one of the earlier flights was 
identified by Dr. N. F. Conant. Plates exposed on December 6 at altitudes 
of 10,000 and 10,600 feet contained colonies of Hormodendrum but of no 
other fungi. The large number of isolates obtained, and the consistent col¬ 
lection of this genus in most of the flights indicates that Hormodendrum is 
constantly present in rather large amounts in tin* air. This result confirms 
the findings of many other workers, including Stakman et al. (1923), Meier, 
Stevenson and Charles (1933), Meier and Lindbergh (1935), Proctor and 
Parker (1938), Tasugi and Kurosawa (1938), Durham (1938), and Kitten- 
berg (1939). 

Mackospokium. A species of J lacrosporium was collected from a low alti- 
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tude on February 22. This genus has been previously reported from the air 
by numerous workers, including Brown (1930), Meier, Stevenson and 
Charles (1933), Meier and Lindbergh (1935), Proctor and Parker (1938) 
and Tasugi and Kurosawa (1938). It has been reported also from the strato¬ 
sphere by Rogers and Meier (1936). 

Fusarium. No less than thirty-five cultures of this genus of the Tuber- 
culariaceae were obtained. Fusarium was found on all of the flights made 
except that on November 9. On February 22, it was collected as high as 
3,500 feet, but it appears to be restricted generally to lower altitudes. 

Although many of the cultures produce the characteristic four-ceiled, 
fusoid, curved conidia in abundance, a considerable number produced no 
spores whatsoever on nutrient agar. Non-pigment-producing forms were 
most abundant. Two cultures from the flight of October 19, studied by I)r. 
C. D. Sherbakoff, were identified by him as F. reticutaium Mont. In addi¬ 
tion, a few cultures characterized by the production of yellow pigments, 
and a few producing red pigments were collected. 

Although Fusarium spores have been previously isolated from the air by 
Meier, Stevenson and Charles (1933), and Durham (1937, 1941), it would 
seem that further studies of the aerial dissemination of Fusarium spore's 
should be made by plant pathologists, because of the great economic impor¬ 
tance of diseases caused by members of this genus. 

PLENO/iYTTiiA. A pycnidium-produciug fungus, referable to this genus of 
the Phomales, was found at an altitude of 6,000 feet, on December 6, and 
again on February 22 at 3,500 feet. Groups of pycnidia, within which im¬ 
mense numbers of hyaline pyenidiospores are formed, are produced on agar. 
This genus was found by Bitten berg (1939) in plates exposed on shipboard 
several hundred miles off the California coast. 

From the data assembled in table 2, it is apparent that species of Alter- 
Marin, Fusarium , and Hormodendrum make up the greater proportion of 
the fungi of the air over Nashville, and are practically constantly present. 
Vcrticillium , also, appears to be constantly present in small amounts. The 
remaining fungi must be regarded as of sporadic occurrence. 

Proctor (1934), Proctor and Parker (1938), and others have found 
species of Aspergillus and Penieillium to make up a very large proportion 
of the fungi isolated from air. The present collections, in which only six of 
120 fungus cultures belong to these genera, is in marked contrast to these 
findings. 

It is of interest to compare the present findings with the results of 
Pennington (1940), who made daily spore counts from slides exposed at the 
ground level in Nashville. Hormodcndrum , Altera aria , Spondylocladium , 
Acrothecium , Hvlmmiliospor'mm , and Fusarium were the most abundant 
genera, but smut spores, Aspergillus terreus , and other Aspcrgilli were also 
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obtained. Except for collection of Spondylocladium , Acrofhecium , and 
smuts, the fungi at the ground level are quite like those in the upper air. 

YEASTS 

The occurrence of yeasts in the aerial flora has been reported by Brown 
(1930), Proctor (1934), and Tasugi and Kurosawa (1938). A pink, non- 
spore-forming species of Saccharomyccs was found by us on plates exposed 
at 10,000 feet on December 6, and again at 5,800 feet on January 25. 

ACTINOMYCETES 

Both Mischustin (1920) and Proctor (1934) have reported that Aetino- 
mveetes are represented in the mieroflora of the air, but have not attempted 
to identify the species found. Actinomyces (jriscolus was isolated by us from 
a plate exposed at 4,700 feet altitude on January 25, and at 2,200 feet on 
February 22. A. phacochromogvttus occurred on plates exposed at 2,000 feet 
on February 22. 

OTHER ORGANISMS 

Meier and Lindbergh (1935) and van Overeem (1930) collected a num¬ 
ber of green algae and diatoms from the air during airplane flights. The 
latter investigator isolated, from an altitude of 2,000 meters, a “moss pro- 
tonema, which, transferred 1o a solid medium, has yielded fair-sized moss 
plants/’ in the hope of obtaining algae or other chlorophyll-bearing organ- 

TABLE 2 

tiununani of the rations fijpts of finn/i collided and their relative 
abundance on th ft unit dolts 


J (‘larinun 
.ilh maria 
.ispi i tpllus 
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isms, plates of a medium composed of a modified Detmer’s solution solidified 
by the addition of 1.5 per cent agar were exposed on February 22 at alti¬ 
tudes ranging; from 1,000 to 3,000 feet. These plates were brought into the 
laboratory, and incubated for a week under condition of moderately low 
temperature, high humidity, and continuous illumination provided by a 25- 
Watt bulb, but the results obtained were entirely negative. 

ABUNDANCE OF THE VARIOUS TYPES OF ORGANISMS 

At the time of exposure of each plate, records were made of altitude, 
length of tlie exposure, and speed of the plane. Counts of the number of 
bacterial and fungus colonies were made after an incubation period of three 
days, as previously stated. From this information, as a basis together with 
the area of the surface of the IVtri dish (9.6 sq. inches, or 0.067 sq. feet) 
calculations were made of the number of organisms per cubic foot of air, 
for each plate exposed. 

TABLE 3 

The abundance of orf/antsms at different times , m rr latum 
to the weather conditions 


— - - 

-— - 

-=■— 

— -- - .. — - 


— - -— 

■— - ■ — 


Temp. 
F. ° 

Rol. 


Organisms 

Bacteria 

Fungus 

Date 

humiditv, 

Wind 

per cubic 

colonies: 

colonies: 


% 


f oot 

% of total 

% of total 

Oct. If) 

81 

45 

NNE 5 

0.05 

01.3 

38.7 

Oct. 20 

74 

27 

S J 2—13 

0.05 

88.7 

11.3 

N ov. 0 

38 

07 

W 7 

0.20 

77.7 

22.3 

l)eo. 0 

42 

45 

NNW 10 

0.52“ 

00.2 

33.8 

Jan. 25 

r><> 

37 

VVMW 8-1) 

0.27“ 

1)5.1) 

4.1 

Fob. 22 

52 

30 

WSVV 2 

0.14“ 

1)0.1 

0.1) 


a Inasmuch as those throe flights wore made at higher nit it tides than the first throe, 
the figures given are for all exposures at 1,000-2,000 feet. 

It must be borne in mind that the technique employed imposes certain 
limitations. The figures refer only to viable organisms capable of growth on 
the particular medium employed under aerobic conditions. Furthermore, the 
ground speed of the plane is open to considerable inaccuracy of measurement 
because wind direction and velocity were not taken into account. 

The calculations from all seventy-six plates exposed, regardless of alti¬ 
tude, gave an average of 0.21 organisms per cubic foot of air. The maximum, 
of 1.19 organisms per eu. ft., was obtained on a plate exposed at 1,500 feet 
on October 26, while none was obtained on a plate exposed for thirty seconds 
at 6,000 feet oil December 6. 

The data concerning the abundance of organisms at various times are 
too voluminous for detailed presentation, but a condensed summary is 
included in table 3. 

The data in the above table indicate fluctuations in the populations of 
microorganisms at the 1,000-2,000 foot levels varying from 0.14 to 0.95 
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organisms per cubic foot. It has been impossible to correlate these findings 
with the existing weather conditions. All flights were made on days in which 
no rain had fallen for several days previously, so that decreases in the popu¬ 
lations due to this factor may be ruled out. The high counts obtained on 
October 20 are probably causally related to the combination of very dry air 
and a high wind, and it appears significant that the lowest counts were 
obtained on February 22, when the wind velocity was least. It is admitted, 
however, that the atmospheric conditions at a given altitude may be very 
different from those encountered at the ground level, and that a much larger 
number of observations would be required to yield results of decisive value. 



altitude: in felt 

Fkj. 1 . Tbe distribution of organisms at various altitudes over Nashville, Tenn., on 
Dee. IS, 1941. 

The general decrease in concentration of organisms with increasing alti¬ 
tude is shown in the accompanying graph (fig. 1) based upon data gathered 
oil the flight to 10,600 feet elevation. The entire series of exposures, on this 
particular flight was made at temperatures below freezing, with a minimum 
of 22° F. being recorded at 5,000 feet. The concentration of organisms fell 
sharply between 1,000 and 4,000 feet, above which altitude a small but rather 
constant population was found. 

Proctor (1934) has presented evidence for the existence of “biological 
strata” in which microorganisms may be present in higher quantities than 
in the air above or that below the given level, due to vertically localized 
weather conditions and air movements. This finding is borne out by results 
obtained on January 25, in which much higher counts were obtained at the 
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3.000-4,000 foot levels than at either 2,000 or 5,000 feet (fig. 2). The factors 
responsible for this condition are as yet little understood, and must await 
further experimentation. 

According* to Proctor (1934), “the biological population of the upper 
air is probably an ever-changing one, never constant either in type or in 
distribution, due to the many factors which may interact at the same time.” 



ALTITUDE IN FEET 

Fig. 2. The distribution of organisms at various altitudes over Nashville, Tenn., on 
Jan. 25, 1942. Note the higher counts between 3,000 and 4,000 feet. 

In the present experiments bacteria were always more abundant than fungus 
spores, and composed from 61.3 to 95.9 per cent of the total microflora of 
the air. The proportion of fungi varies from day to day between 4.1 and 38.7 
per cent of the total. Yeasts and actinoinycetes were never abundant, and 
together they make up somewhat less than 1'per cent of the microorganisms 
of the air. 

SUMMARY 

Studies of the microbiology of the air over Nashville, Tennessee, were 
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made by exposing Petri dishes containing nutrient agar from airplanes. 
Twenty-nine different species of bacteria, including species of Achromobac- 
ter, Bacillus , Flavobacterium , Micrococcus, Pseudomonas, Sarcina, and 
Serratia, were identified from the plates exposed. Spore-forming rods and 
cocci w(»re about equally abundant, with lion-spore-forming rods being pres¬ 
ent in lesser concentrations. 

Sixteen genera of fungi, including species of Mueor , Chaefomium , 
Acladium , Aspergillus , Ccphalothcaum , Oospora , Pcuicillium , Scopulariop- 
sis. Verticil! nnn, Alteniana , Brach ysponum, Helminfhosporium , llormo- 
dendrum , Macrosporium , Fusanuni, and Plenozgihia were found. Altcr- 
•maria , TIormodendrum , and Fusanum species appear to be most abundant 
and to be consistently present. 

Quantitative data were secured indicating an overall average of 0.21 
organisms per cubit' foot of air. This concentration of organisms is subject 
to wide variation, induced by a number of factors. 

Bacteria were the most abundant group of microorganisms occurring in 
the u])])er air, composing (51.3 to fbl.J) per cent of the total. The proportion 
of fungi varied from 4 1 to 38.7 per cent of the total number of micro¬ 
organisms. Yeasts and actinomycetes were also present in small quantities. 

The writer acknowledges with thanks the assistance rendered by Dr. F. 
A. Wolf, who has identified the bacteria collected during; this work, and has 
criticized the manuscript. Hr is also deeply appreciative 4 of the courteous 
cooperation of Dr. N. F Tenant, Dr. V. M. Cutter, Jr., Dr. D. II. Linder, 
and Dr. C. D. Sherbakoff in identifying; certain of the fungus cultures. 
Assistance in tin* laboratory work involved in this study was provided by 
a grant-in-aid from the Graduate School of Vanderbilt University. 
Department of Diology, Vanderbilt Fniveksity 
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THE STRUCTURE AND DEVELOPMENT OF THE SHOOT 
APEX OF EPHEDRA ALTISSIMA DESF. 

Ernest M. Gifford 

INTRODUCTION 

Although the structure of the shoot apex of Ephedra altissima has been 
previously studied (Schmitz 1874; Groom 1885; Koeli 1891), methods of 
modern micro-technique ]>ermit a more precise interpretation of tlie ana- 
tomieal features of shoot apices. lieeent work (Korody 1937; Foster 1938, 
1939, 1940, 1941; Johnson 1939; Cross 1939, 1941, 1942) shows a definite 
trend in the complexity of tin' apiees of y.vmnosperms from the seemingly 
primitive ty pes of apiees of the Cycadaceae to the more advanced type of 
the Taxodiaceae Cross (1939) has shown the apex of Taxodmm to approach 
the structural condition characteristic of the anyiosperms. There is, how¬ 
ever, a definite yap between the two which miyht be suspected to be bridged 
by the apex-type or types of the Gnetales. The present study show’s that 
Ephedra altissima represents such an interyradmy form. 

MATERIALS AND METHODS 

Apices were obtained from a sinyle plant yrowiny on the campus of the 
University of California and from plants yrowiny on the Anson S. Blake 
estate in Berkeley, California. Buds were collected at several intervals be¬ 
tween January, 1941, and March, 1941, and in January, 1942. The apices 
were killed and fixed in three fixatives primarily, viz.: (1) Zirkle’s basic 
fixative (CuCr() 7 , 23 y ; Cu(>, 0.05 y ; CuKO,, 1 0 y. ; III), 100 cc.). (2) 
Corrosive* sublimate, 3 0 y.; butyric acid, 3 cc.; 70U alcohol, 100 cc. (3) 
Chromic acid (05 y.: HI). 100 cc.)—neutral formalin (21 cc. commercial; 
11,0, 100 cc.) ; mix equal parts when usiny. The latter fixative yave the best 
results. Tin* material was dehydrated, idea red in xylene, and embedded in 
paraffin aceordiny to the method outlined by Ball (1941). Serial lonyitudinal 
and transverse sections were cut from 5-8 q in thickness, stained with tannic 
acid-iron chloride, and counterstamed with safranin (Foster 1934). T)raw- 
inys w r ere made with a 7.5 « ocular and a 54 oil-immersion objective. 

GENERAL FEATURES OF THE SHOOT SYSTEM 

Two t.vpes of shoots exist in Ephedra altissima: (1) a la rye t.vpe w T hich 
constitutes most of the shoot system, and (2) a smaller, shorter-lived decidu¬ 
ous t.vpe which develops from the nodes of the laryer shoots. At each node 
of the first and more viyorous.type, there are three leaves in whose axils tin* 
second t.vpe of shoot arises. The latter possesses decussate ph.vllotaxis. 

15 
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The first indications of growth in the spring appear in the large type of 
shoot, whose rapid growth is accompanied by the development of the axil¬ 
lary, small shoots. 

The large or permanent shoots ultimately cease growth but during the 
growth period numerous axillary permanent shoots develop at older nodes. 
The present paper does not deal with the origin of these shoots. Possibly 
the initiation of these shoots is similar to that of the “pseudo-endogenous” 
buds of Taxodium described by Cross (1939). In the present work only the 
structure of the apices of the two types of shoots are considered. 

In the present investigation it has been found that the average diameter 
of the shoot apex of 40 vigorous permanent shoots is 180 \\ while the height 
is 80 p. The apex of the smaller shoot possessing decussate phyllotaxis lias 
an average diameter (30 apices measured) of about 110 p while 75 p is com¬ 
mon for height. 

REVIEW OF LITERATURE 

After the formulation of the concept of “apical coll” by Niigeli (1878) 
many subsequent workers attempted to find in all groups of plants such an 
apical cell from which all subsequent tissues could be traced. Niigeli was 
rightfully impressed with the regularity and sequence of cell divisions in the 
apical cell of Thallophytes and certain Bryopliytes and thought that no 
fundamental difference would be found in the organization of apical tissues 
in both lower and higher groups of plants. 

in attempting to prove the doctrine of Niigeli, Dingier (1882, 1886) 
stated that, it was possible in Ephedra monostachya (1882) to observe an 
apical cell (Scheitelzelle), which was prismatic or tetrahedral in form. 
Korschelt (1884) using E. vulgaris agreed with Dingier that an apical coll 
occurred in this genus as well as in other gymnosperms. Schwendener (1879, 
1885) concluded from his studies that the shoot, apex of certain gymno¬ 
sperms is crowned by a group of four juxtaposed apical initials. However, 
the apical meristem of Ephedra monostachya did not have the tetrad of 
apical cells but possessed an irregular group of initials. As late as 1890, 
Douliot emphasized his firm opinion that “apical-cell segments” exist in 
gymnosperms and illustrated his belief with schematic diagrams and elabo¬ 
rate drawings of the (-ell net. 

After the announcement of the histogen theory by Haustein in 1868, 
many Workers labored to disprove the contehtions of the champions of the 
apical cell theory and to show the universality of histogens. Karsten (see 
Koch 1891) adopted the histogen theory and maintained that histogens were 
present in E. altissima. According to Schmitz (1874), however, the derma- 
togen of E. altissima , though well defined, was occasionally interrupted by 
periclinal divisions; and the inner tissue exhibited in no way an organiza¬ 
tion into a definite central plerome and surrounding periblem. In another 
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species, E. campylopoda , Strasburger (1872) stated that a continuous pro¬ 
toderm was usually present but that the separation of periblem and plerome 
is hardly ever present. This observation was confirmed by Groom (1885) in 
E. altissima. The next important work was by Koch (1891) who described 
for the apex of E. alftssnna an inner core, forming the pith, and an outer 
“Hullgewebe,” the latter being more meristematic in nature. In confirma¬ 
tion of his own observations Koch (1891) pointed to the work of Sanio 
(1863) who found, besides the epidermis, in the apex of E. monostachya a 
“pith” composed of a few cells and an outer somewhat thinner-walled tissue. 
Koch was the first to present a precise and accurate description of the evi¬ 
dent cytological zonation in the shoot apex of Ephedra alUssmui and other 
gym nosperms. 

TJIE SURFACE LAYER 

The vigorous apices of both types of shoots are characterized generally 
by a discrete surface layer which may well be termed the tunica and will 
be referred to as such in subsequent discussion. Only one exception to this 
condition has been found and will be considered later. The tissue other than 
the tunica will he referred to as the corpus (Schmidt 1924). 

The usual configuration of the surface layer in the permanent shoots is 
that of a continuous finer (tigs 1, 3-11), giving rise to the future epidermis. 
The cells of the tunica often vary in size, structure, and staining qualities; 
however, in all apices the tunica is uniseriate. 

While the above condition is characteristic of the surface layer of the 
apex, one exception from a series of 40 buds has been found (fig. 2). This 
figure depicts an apex in which a periclinal division followed by an anti¬ 
clinal one, lias recently taken place in a cell of the tunica. Thus a group of 
three genetically related cells has been produced. The (*(‘11 of the tunica im¬ 
mediately to the left of this group has enlarged greatly and may have been 
on the verge of a periclinal division at the time of fixation. Such a tempo¬ 
rary enlargement of a cell of the apex probably lead some of the earlier 
workers (Dingier 1882; Korschelt 1884; Douliot 1890) to assume and de¬ 
scribe the presence of an apical cell. This apex represents the only clear-cut 
example of such a division, while other seemingly similar cases fail to show 
such a condition upon critical examination. It is also interesting to note that 
this hud showed very vigorous growth. This observation agrees with that of 
Strasburger (1872) who stated that in vigorously growing vegetative apices 
of E. campylopoda the uppermost dermatogeu cell may divide* transversely 
(periclinally). The discovery of this example suggests that such divisions 
may occur from time to time in many vigorous vegetative shoot apices of 
E. altissima. The sub-apical divisions of these cells resulting from the peri- 
el inal divisions augment the corpus. The apical and sub-apical cells, indi¬ 
cated by means of nuclei in figure 2, together as a group resemble the apical 
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initial group of Ginkgo biloba described by Foster (1938). Apparently the 
formation of such a group of apical initials and their derivatives is asso¬ 
ciated with vigorous growth and may occur during a certain phase in the 
development of a particular shoot apex. 

THE SUB-APICAL REGION OF THE SHOOT APEX 

Directly beneath the tunica layer of the apical meristem lies a region 
that occupies the focus of meristematic activity. This region may be termed 
the sub-apical initiation zone , and the cells composing it, sub-apical initials 
(figs. 1-11). The latter are similar in position and function, but not in size 
or structure to the “central mother cells” of Ginkgo (Foster 1938). The 
sub-apical initials produce a central tissue zone (fig. 3), precursor of the 
pith, which, in very vigorous shoots, is characterized by highly vacuolate 
dividing cells having the appearance of a very sluggish “rib meristem” 
(Schuepp 1926). The cells of the central tissue zone exhibit polarized 
growth and progressive elongation. The sub-apical initiation zone gives rise 
also to the cells of the peripheral zone. In striking contrast to the vacuolate 
dividing (-ells of the pith-forming region the peripheral cells are rich in pro¬ 
toplasm (figs. 4, 5, 7, 8), and stain deeply; cell divisions rather than elonga¬ 
tion of the individual cells dominate in this region. Cortex, leaf primordia, 
and vascular tissue are ultimately produced from the peripheral zone. 

In the majority of the permanent shoot apices studied it was possible to 
distinguish one tier of sub-apical initials which seemingly wore engaged in 
anticlinal divisions, contributing cells to the peripheral flanks (figs. 3, 4, 
r>, 7). Directly beneath this group of initials are found the pith mother cells 
(figs. 1, 3, 4, 5, 8). The configuration as described above does not always 
exist, that is, an upper group of initials dividing only anticlinally. Figure 
6 illustrates a perielinal division in a centrally located initial. The same 
photomicrograph shows how difficult it is to decide which initials give rise 
to the cells of the peripheral flanks and which contribute to the central zone. 

While the configuration as described above is common for many perma¬ 
nent shoot apices, it has been found that the sub-apical initiation zone may 
consist of two or more tiers of cells engaged primarily in anticlinal divisions 
(figs. 3, 8). 

In contrast the apices of the deciduous shoots show no orderly arrange¬ 
ment of the cells of the sub-apical zone. A definite cap of initials in the sub- 

Explanation of figures 1-3 

Fro. 1. Median longisection of the shoot apex of an early expanding permanent 
shoot; t, tunica; si, suh-apieal initials; pm, pith mother cells, x 465. Fig. 2. Median longi- 
section of the shoot apex of a vigorous permanent shoot showing evidence of a perielinal 
division in the tunica. Note also the enlarged cell of the tunica to the left; ai, apical ini¬ 
tial. x465. Fig. 3. Median longisection of the shoot apex of a permanent shoot during 
maximal growth; pz, peripheral zone; 1, tunica; cz, central zone, x 465. 
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apical zone is hardly ever present. The apices seem to possess a small group 
ot* initials which divide periclinallv as well as antielinally. In many apices 
(figs. 10, 11) the cells of the pith-forming region, or central zone, can be 
traced up to a cell of the first sub-apical tier of initials directly beneath the 
tunica. 

In some shoots of both types, particularly in vigorous permanent shoots, 
the cells of the central zone are very regularly arranged in vertical rows. 
They have the appearance of a true “rib merislem” (figs. 7, 8). Frequently 
this arrangement is confused by subsequent periclinal and oblique divisions 
and irregular enlargement of the derivatives of the pith mother cells (figs. 
1, 2, 3, 6, 7). This condition is similar to that observed in the shoot apices 
of Tajrodnnn distich ion (Cross 1939) and Cunnimjhanua lanceolata (Cross 
1941); but in contrast to the clearly defined rib meristem zone in (finkpo 
and I)won (Foster 1938, 1941). The pith mother cells as well as their de¬ 
rivatives are vacuolate, a feature common to many conifers (Koch 1891, 
Korody 1937, Cross 1939). Derivatives of the sub-apical initial cells that 
constitute the meristematic flanks undergo subsequent periclinal and oblique 
divisions (figs. 1, 2, 3, 5, 7, 8) as well as anticlinal divisions, and no (dear 
stratification as observed in the tunica can be found. These divisions enlarge 
this zone considerably at the level of a newly forming leaf primordium (figs. 
3,6,7). 

In summary, it appears that the sub-apical region of the shoot apices of 
Ephedra altissima consist in general of three zones characterized by size of 
cells, structural and staining qualities, and type of division that predomi¬ 
nates. Directly beneath the tunica there is a highly embryonic region termed 
the initiation zone from which is produced by anticlinal divisions: (1) Ihe 
meristematic flanks, and by periclinal divisions (2) the pith mother celts 
which give rise in turn to cells constituting the central zone or precursor of 
the pith. The pith mother cells do not maintain their position indefinitely 
but are ultimately incorporated in the pith; this is followed by a new pro¬ 
duction of pith mother cells from the tier or tiers of sub-apical initials 

Explanation of figures 4-11 

Fig. 4. Longisection of shoot apex of an early expanding permanent or largo shoot, 
showing a clearly delimited tunica and sub-apical initial group. < 405. Fig. 5. Longisec- 
tion of shoot apex of a permanent shoot in nearly the same growth phase nt\ fig. 1. y 403. 
Fig. 0. Longisection of shoot apex of a permanent shoot showing a periclinal division in 
a sub-dpical initial cell directly beneath the tunica, x 405. Fig. 7. Longisection of shoot 
apex of a permanent shoot in maximal growth. Note the great width of the apex, x 403. 
Fig. 8 . Longisection of a permanent shoot apex in maximal growth illustrating the well 
defined tunica and stratified nature of the sub-apical initiation zone. < 405. Fig. 9. Longi¬ 
section of a permanent, shoot apex near the cessation of growth. Note the highly vacuolate 
condition of all the cells, x 405. Fig. 10. Longisection of an apex of the small type of 
shoot showing the discrete tunica, x 405. Fig. 11. Longisection of the shoot apex of the 
small type of shoot showing the extent of a row of pith foiming cells, x 405. 
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directly beneath the tunica. The initiation zone must be regarded as a 
dynamic and changing entity, governed undoubtedly by volume-surface 
relations. 


SEASONAL VARIATION IN THE STRUCTURE OF THE SHOOT APEX 

It was possible on the basis of this investigation of the shoot apex to 
construct a series showing the changes in structure and configuration of the 
apical meristem during the course of development of a permanent shoot 
apex. 

Figures 4-9 represent a developmental series beginning with the initia¬ 
tion of growth, through maximal development, and ending w T ith Ihe cessa¬ 
tion of growth. 

It has been found that in early expanding shoots the apex is relatively 
small, yet shows discrete tunica and corpus regions (figs. 1, 4, 5). As growth 
proceeds, the apex becomes more voluminous because of the tendency toward 
an increase in the width of the central zone or pith-forming region. At a 
still later period the peripheral zone becomes more stratified (figs. 3, 8) and 
the central zone assumes in many apices the configuration of a rib meristem. 
The arrangement of the cells of the sub-apical zone in tiers gives a massive 
appearance to the apical meristem. It is during this vigorous growth phase 
that the one exception to the continuous uniseriate tunica was observed. 
During this period periclinal divisions probably occur in the tunica from 
time to time in any one particular apex. At the same time the central zone 
increases decidedly in width (fig. 2) and a rapidity of division of the de¬ 
rivatives of the pith mother cells follows. As growth begins to decline the 
reverse of the above sequence of events takes place, the configuration becom¬ 
ing as in figure 9. The initiation zone is reduced to a few highly vacuolate 
cells which sluggishly continue to produce the two zones. The pith becomes 
narrow and the elongation of its cells dominates over cell division. The cells 
of the peripheral flanks likewise increase in size and tend to become more 
vacuolate in nature. 

DISCUSSION 

The present study does not support the view that Ephedra altissima lias 
has an apical cell. In only one of the apices studied was there an indication- 
of a cell that could be interpreted as an apical cell (fig. 2). Possibly the 
temporary enlargement in depth of a single cell at the apex as is seen in 
this figure lead Douliot, Dingier and Korschelt to assume the presence of 
a single apical cell in the terminal meristem of Ephedra as well as in the 
apices of other gymnosperms. The observations of the writer, however, agree 
in some respects with certain of the earlier investigations. Figure 4 illustrates 
a condition resembling that described by Karsten (see Koch 1891). Accord¬ 
ing to Karsten the “plerome” ended in one cell and the dermatogen and 
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“periblem ” each consisted of one layer of cells over the apex. That 
“pleromc” and “periblem” may not be sharply defined in Ephedra alt is- 
sima, as emphasized by Schmitz (1874) and Groom (1887)), is well illus¬ 
trated in fij»*s. 2, b, 11. The type with a central tissue surrounded by a “IIull- 
grewebe” as described by Koch is found in %s. 2, 3, 7, 8. 

In recent years certain workers (Korodv 1937, Hartel 1938) have at¬ 
tempted to homolo<rize the corpus of the anjHospermous a])ical meristem to 
the entire shoot apex of certain primitive vascular plants such as Lycopodium. 
A critical examination of this viewpoint has already been undertaken by 
Foster (1938, 1939b) and (Voss (1939, 1941, 1942). The former (1938) 
came to the conclusion that the apex cannot be looked upon in such a lijjht 
because such a concept is “based upon too rijrid a morphological distinc¬ 
tion/’ In Foster’s opinion the tunica and corpus represent “interdependent 
growth zones” and as such one cannot exist without the other. It is also 
important to emphasize that while a virtually “stabile” tunica occurs in 
Ephedra altissnua , the peripheral zone is only vaguely stratified. “From this 
standpoint, the evolution of the anjziospermous type of shoot apex may have 
involved an ever increasing emphasis upon surface growth throuyhoul the 
apical and peripheral regions of the meristem.” (Foster 1939b). Accepting 
these* two postulates we are led to the concept that through phytogeny there 
has been an increased stimulus to “surface growth” brin^in^ about the* 
lunica-corpus condition as 1\ pitied by anjriosperms. 

Thus a series can be* maele from the massive* condition as exhibited by 
('yeas rerolufa (Foster 1939a, 1940) to the more refined types which exhibit 
te> greater or lesser decree the tunica-corpus condition. Semie very interest¬ 
ing points of a comparative nature have been brought out by Foster (1941b), 
whe) points out that the Abies renusta type of apex is common in the 
conifers; that is, the type characterized by the* presence e>f an outer 
peripheral zone composed of actively-dividing cells fremi which arise the 
epidermis, cortex, le*af primordia, a ml provascular tissue; and an inner core 
or central-zone, the precursor e>f the pith. These zones arise from an ill- 
defined sub-apical zone wliieh in turn has arisen from elerivatives of apical 
initials. Araucaria bidicdh on the* either hand has a more regular surface 
layer. Recently (Voss (1939) has fenmel a clearly delimited uniseriate 
tunica and central corpus in the* permanent shoots e>f Ta.rodium distichum. 
A similar condition was iounel by the same author (1941) for the sheiot apex 
of ('ryplomeria japoiuca; however, more* pcridiual elivisiems were* observed 
in the surface cells of the apex of this plant. In the WTiter’s opinion the 
condition exhibited by Ephedra altissima represents a still further advance 
in the attainment of the two morphologically independent zones, tunica and 
corpus. 
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SUMMARY 

The cyto-histological features of Die shoot apiees of the two types of 
shoots found in Ephedra ultissima are described. The apical meristems of 
all shoots investigated except one are characterized by a uniseriate tunica 
and a corpus region. One vigorous permanent shoot apex exhibited a peri- 
clinal division in the tunica at the summit of the apex. 

The sub-apical portion of the apical meristem (‘(insists of a sub-apical 
initiation zone which is the focus of growth and may show a regularity of 
structure at times. This region gives rise to a central tissue zone and a 
peripheral tissue zone, each characterized by specific characters. The 
initiation zone produces “pith mother cells” which divide for a period of 
time but ultimately are replaced by new pith mother cells from the initiation 
zone. The peripheral zone increases in width by periclinal divisions as well 
as anticlinal divisions. Derivatives of this region form the cortex, leaf 
primordia, and provascular tissue while the epidermis is derived from the 
tunica. 

A comparison of the structure of the shoot apices of Ephedra altissima 
with that of other gymnospenns, leads to a conclusion that the apical 
nieristems of this species represent an advanced condition in this group of 
plants. 

The writer is grateful to Dr. A. S. Foster for his guidance during the 
research. Thanks are due also to Mr. Louis Erickson for assistance in prepa¬ 
ration of the photomicrographs and to Dr. K. Esau who assisted in the 
preparation of the manuscript. 

Department of Botany, Tniversity of California 
Berkeley, California 
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POLYPLOIDY IN SEDUM PULCHELLUM—I. 
CYTOGEOGRAPHY 1 

J. T. Baldwin, Jr. 

This paper presents the chromosome numbers and geographic occurrence 
of three polyploid races of 8c<lum pulchellum Michx. as revealed by routine 
cytological analysis of the species at representative localities in its dis¬ 
tributional area. 

Michanx (1803) described S. pulchellum from “circa Knoxville with 
no mention of the life-length of the plant. From this record Pursh (1814), 
in spite of having seen neither living nor dead specimens, indicated the 
species to be perennial. The writer knows the plant throughout its 
geographic range only as a winter annual, white- or pink-flowered. Wherry 
(1034), however, reviewed the history of a horticultural perennial of un¬ 
known origin that has long been identified with the above species. Nuttall 
(1818) confused 8. pulchellum with a perennial later designated 8. ncrii 
Cray, and under this latter name, since 1858, two perennial sedums of the 
Appalachian Mountains have been passing (Baldwin 1042a). Torrey and 
Gray (1840) questioned the perenniality of 8. pulchellum but accorded it a 
range which shows that in their concept of the species they incorporated 
the two perennials of the 8. nevii group. The reason for the confusion (which 
continues up to the present) of the identity, range, and life-length of these 
plants lies in the fact that the juvenile stages of 8. pulchellum —lasting from 
fall until spring, when flower-bearing stems are produced, spatulate leaves 
are lost, and linear, subterete leaves are developed'—that these stages strongly 
resemble the nonflowering plants of the 8. nevii aggregate. 

Plants and/or seed of 8. pul chill urn from forty stations typical of the 
specific range, seed from four herbarium sheets in the Field Museum, and 
plants and seed from a huge, self-perpetuating population at The Plainly 
Experimental Farm in Virginia have supplied material for cvtological study 
(see table 1). Plants and seedlings were grown in the University of Michigan 
Botanical Gardens. Chromosome counts for the forty-five collections were 
made from aceto-carmine smears of roots and leaves, and, in a few cases, 
from Nawaschin-fixed, crystal-violet-stained sections of roots; also, for 
certain collections of each chromosome-number race, gametic counts were 
made 1 from aceto-carmine smears of pollen mother-cells. 

3 Paper from the Deportment of Botany of the University of Michigan, No. 802. 
Supported by the Faculty Research Fund, Project No. 569. 

Publication of the illustrations was assisted by the Lueien M. Underwood Memorial 
Fund. 
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A polyploid series was established for the speeies: twenty-six eolleetions 
were diploid— 2h = 22, // = 11 (figs. 1-3); sixteen, tetraploid—2a~44, 
7 i- 22 (figs. 4—6) ; three, liexaploid—2w - 66, n - 33 (figs. 7-9). Multivalent 
assoeiations eharaeteristie of high polyploids with small chromosomes are 
usually present during meiosis of the tetraploid and liexaploid plants. This 
doubtless accounts for the existence of atypical plants with 2/mi umbers of 



Pigs. 1-9. Chromosomes of Nalum pnlchclhnn »t mitotic and meiotie (I and II) meta- 
plmses. Pigs. 1-3. I)i|>loi<l • 'In - 22, w - 11. Pigs. 4-d. Tetraploid : 'In ~ 44, n - 22. Pigs. 
7-9. Tlexaploid: 'In * (id, n - 33. All, ca. - I0H3, from smears: relatixe sizes of cells ait* not 
stiictly accurate; cell outlines in tiys. 1, 2, and 4 were selected to accompany tin* meta- 
phases drawn. 

64 and 72 as found by the writer in the population at lllandy Farm. At first 
meiotie metaphase of tetraploid and liexaploid plants the chromosome num¬ 
ber is difficult to determine because of the grouped assoeiations—whieh may 
often be secondary rather than primary, but at second metaphase counting 
is comparatively easy. All tin* plants are highly self-fertile. 

The accompanying map (fig. 10) shows the distribution of the speeies 
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TABLE 1 

Collections of Sedum pul eh ell urn for ir In eh chromosome numbers were determined 


Source 

2«-numbei 

Collector 

Missouri 



Folk Go.: Burns 

22 

J. A. Ste per mark 27282* 

Ganiden Go.: Bannister 

oo 

'J. A. S fryer mark 6886 

Gedar Go.: Tilley 

22 

,J. A. Sir perm ark 27465 

Moniteau Go.: Jamestown 

oo 

J. A. Steyermark 24826 

Stone Go.: Galena 

22 

B & Gb 

Jasper Go.: Joplin 

oo 

B&G 

McDonald Go.: Noel 

22 

B & (4 

Arkansas 

Lawrence Go.: Imboden 

22 

P> & G 

Lawrence Go.: Jesup 

22 

B & G 

Garroll Go.: Busch 

22 

B&G 

Garroll Go.: Eureka Springs 

oo 

B&G 

Sharp Go.: Shelbyville 

oo 

B&G 

Independence Go.: Batesville 

Boone (V).: Francis 

22 

B & G 

2° 

B&G 

Washington Co.: Fayetteville 

OO 

B & G 

Benton Go.: 

22 

B, G & D, M. Moore 

Benton Go.: 

oo 

I). M. Moore 

Pulaski Go.: Little Rock 

22 

Delzie Demurer 

Oklahoma 

Carter Go.: Ardmore 

oo 

Milton Hopkins 

Alabama 

Madison Go.: Monte Sano 

oo 

R. M. Harper 

Tennessee 

Knox Go.: Knowille 

22 

J. T. Baldw in, J r. 

Jackson Go.: Roaring River 

22 

B & G 

Bedford Go.: Shelbyville 

22 

B & G 

Rutherfoid Go.: near Bedford Countv line 

22 

B & G 

Rutherford Go.: Murfreesboro 

22 

B, S & IT* 

Sumner Co.: near Goodlettsville 

44 

B, S & H 

Cheatham Go.: 

41 

Jean M. Campbell 

Davidson Co.: Nashville 

oo 

B, S & IT 

Davidson Go.: 14 miles w. Nashville 

44 

B, S & H 

Davidson Co.: 12 miles s. Nashville 

44 

Jean M. Campbell 

Davidson Go.: Nashville 

66 

B, S & H 

Wilson Co.: Lebanon 

66 

B, S & H 

Wilson Co.: Lebanon 

66 

L. M. Dickerson 1 * 

Wilson Co.: Cedar of Lebanon State Park 

44 

B, S & H 

Kentucky 

Payette (V: Klk Lick Falls 

44 

Marv E. Wharton 

Fayette Go.: Raven Creek 

44 

B, S & TT 

B, S&H 

Anderson Go.: Tyrone Bridge 

44 

Woodford Go.: Camp Offut 

44 

B, S & IT 

Mercer Co.: Shaker Town 

44 

B, S & H 

("lark Co.: Lower Howard Creek 

44 

B, S & II 

Jessamine Go.: Wilmore 

44 

IT. T. Shacklette 

Caldwell Go.: Princeton 

44 

A. M. TTarvill 

Simpson Go.: 

44 

B, S & H 

Illinois 

Fnion ('Jo.: Cobden 

44 

B & G 

Johnson Go.: Sunburn 

' 44 

B&G 


a Seed from herbarium specimen m Field Museum. 
h J. T. Baldwin, Jr., and Walton C. Gregory. 

<* J. T. Baldwin, Jr., II. T. Shacklette, and A. M. Ilarvill. 
d Transplanted to The Blandy Experimental Farm in Virginia about 1930. 
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and of its races as known to the writer by the collections listed in table 1, by 
specimens in certain herbaria, 2 and by county-collection records of Palmer 
and Steyermark (1935) for Missouri. The species occurs from Dade County, 
Georgia, and Madison County, Alabama, through Tennessee and Kentucky 
to Union and Johnson counties, Illinois, and, west of the Mississippi River, 
through much of Missouri and Arkansas into Kansas, Oklahoma and Texas. 
(Steyermark (1942) has written an extended note on the occurrence of S. 
'pulchcllum in Missouri.) The present cvtological data indicate that only 
the diploid is found in the western and southern parts of the specific area, 
that only the tetraploid occurs from northern Tennessee through Kentucky 
and in Illinois, and that the hexaploid exists only in northern Tennessee in 
the region of contact between the other two races, being found, for example, 
on the grounds of Cumberland University at Lebanon, Tennessee. The 
diploid, and supposedly oldest, race is the most extensively distributed. It 
is logical to consider that the tetraploid arose from the diploid by chromo¬ 
some doubling, and, similarly, tin* hexaploid from an inter-racial triploid. 
(One would not expect to find an annual established as a triploid : survival 
of an annual is normally dependent on regular meiosis.) The evidence is that 
the tetraploid moved northward, and, thus, into the only ecologically suit¬ 
able territory* that was nearby and not already occupied by the species. To 
attempt, as yet, a statement of the direction of migration of the diploid is 
haza rdous. 

S. tcrnatinn , the only other species of Neihun for which an intensive 
cytogeographic study has been made, is, with respect to the conditions just 
enumerated for S. pulcheUmn , quite different (Baldwin 1942b). It is peren¬ 
nial. Its races can maintain themselves vcgetativel,\. Its diploid race is re¬ 
stricted to a limited area from which the tetraploid has spread radially 
throughout the specific range. A hexaploid race is known from one station, 
that being at the southern edge of the range of the species and near the 
tetraploid. A triploid is known from two places: in West Virginia where 
both the diploid and tetraploid have been found, and in North Carolina 
where both these other races might be expected to occur. But S. ter mi him 
and S. pulcheUum have this in common ; the tetraploid race*, once established, 
has in each species been more evolutionarily effective than the diploid; the 
tetraploid in both cases migrated into new territory. The direction of migra¬ 
tion, as is generally true, was determined by the whereabouts of accessible 
and ecologically suitable territory. Tetraploid S. tenia hi hi accordingly 
spread in all directions; tetraploid *S\ pulcheUmn went north. 

2 United States National Herbarium, and herbaria of the Field Museum, the New 
York Botanical Garden, the University of Arkansas, the University of Tennessee, the 
University of Kentucky and the University of Michigan. It was a privilege to examine 
the specimens. 

•i S. pulchcllum is found “most frequently on limestone, but also ... on granitic 
and siliceous rocks” (Palmer and Steyermark 1935). 
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In the southeastern part of its geographic area <Sf. pulchcllum extends 
into the general range of true S. nevti Gray, which has 12 somatic, 6 gametic 
chromosomes (Baldwin 1942a). The 8. ncvii alliance, as stated above, is 
often confused with 8. pulchcllum. For example: T)r. B. M. Harper sent the 
writer living specimens of a sedum from Monte Nano, Madison County, Ala¬ 
bama ; study showed it to be diploid 8. pulchcllum , but Doctor Harper (letter 
of February 19,1941) wrote : ‘‘ everybody who has passed on my Monte Nano 



plant sp far lias called it 8. nevii.” And so identified one finds it in the her¬ 
baria (R. M. Harper 3780). In the western part of its area, from Missouri 
and Kansas to Texas, 8. pulchcllum overlaps the range of 8. mdtalliamim 
Baf., which has 20 somatic, 10 gametic chromosomes. 4 The dead, fruiting 

4 The writer (1940) reported S. nuitalhanum from near Georgetown, Texas, to have 
these numbers. The somatic number has been corroborated by him for a collection made, 
in company with Hoctors Walton C. Gregory and T>. M. Moore, in Benton County, Arkan¬ 
sas, during the summer of 1941. 
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plants of this latter speeies, a yellow-flowered winter (?) annual, super¬ 
ficially resemble the fruiting stems of S. pulchcllum. Of course they can be 
distinguished without difficulty, but they do look somewhat alike, and not 
infrequently they are confused in herbaria. The species sometimes grow’ to¬ 
gether, for example, in Benton County, Arkansas. The suggestion comes to 
mind, then, that true S. nerd is an expression of a 6-chromosome tendency 
in evolution and S. nuitalhanum , as Baldwin (1940) concluded, of a 5-chro¬ 
mosome tendency and that S. pulchcllum arose as an amphidiploid result of 
the fusion of these two trends in the development of the genus. Tin* one 
tendency dominates the characters of tin* juvenile plant and causes con¬ 
fusion w T ith S. nerd; the other dominates the characters of the senescent and 
dead plant and cause's resemblance to S. nutlallia num. Accordingly, S. pud 
chelhun is to be interpreted as an amphidiploid that has undergone auto¬ 
polyploidy to produce 44- (amplutetraploid) and 66- (amphihcxaploid) 
chromosome races. This latter plant, with 33 gametic chromosomes, is a 
high-numbered annual Miintzing (1636) studied statistically chromosome 
numbers in forty-eight genera that include species with different life lengths; 
aS Udum is, obviously, such a genus. IB* found: “With regard to the annual 
and perennial series il is striking that all species with the haploid numbers 
ranging from 40 to 105 are perennial.” 

ruder uniform conditions the chromosome-number races of tf. pulchcllum 
are morphologically different, but nevertheless, since the writer did most of 
his collecting of the species in the summer, when the plants were dead, he 
does not know whether or not the races can always be distinguished under 
field conditions. Judging by e\ togcographic evidence alone, one would say 
that Michaux used the diploid as type material (from Knoxville) for this 
speeies and that John K. Small used the same race as type material (from 
Rising Fawn, Dade Bounty, (leorgia) for S. ni/ilimonfts. This latter plant, 
as pointed out by Wherry (1935), is clearly referable to S. pulclu Hunt. 
Frbderstrbm (1935), in his monograph on the genus, recognized Small’s 
species, with the qualification, however, that it is “perhaps but a local va¬ 
riety” of S. pulchcllum. The late Doctor Jennison, on an herbarium sheet 
of S. pulchcllum at tin* Fniversity of Tennessee (//. M. Jennison /.9<S, Knox¬ 
ville city limits, .May 28, 1938), wrote: “approaching S. ritplimoulis Small— 
the w’hieli I do not think is a good speeies—but only a variety.” The writer 
found plants at this Knoxville station, which must be near the type locality 
for S. pulchcllum , to be diploid. The judgment that Small\s plant also be¬ 
longs to the diploid race may be tested b\ measurement of the type and also 
by determination of the chromosome number of plants at Rising Fawn, 
(leorgia. Torrc.v and (Iray (1840) state that Nuttall gave a manuscript name, 
<S Y . Inn folium, to a form of pulchcllum in Arkansas. Again, on evtogeo- 
graphic data, one considers that the plant in question w’as probably diploid. 
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SUMMARY 

Forty-five collections of 8. pulchellum, from representative places in the 
specific area, were examined cytologically: twenty-six were diploid—- 2/1 = 22, 
n = 11; sixteen, tetraploid—2 n - 44, n = 22; three, hexaploid— 2n = 66, n = 33. 
Multivalent associations occur at meiosis in tetraploid and hexaploid plants. 
Some deviants from the 2/Miumber of 66 were found. 

The species is distributed from Missouri to Texas and from southern Illi¬ 
nois through Kentucky and Tennessee to Alabama and Georgia. The diploid 
is found west of the Mississippi River and in the southern part of the range. 
The tetraploid has moved from northern Tennessee into Kentucky and Illi¬ 
nois. The hexaploid is found in Tennessee where the diploid and tetraploid 
races meet. The eytogeographic situation in this species is quite different 
from that in tf. nevii. The two species are alike, however, in that the tetra¬ 
ploid, once established, in each species has been more effective evolutionarily 
than the diploid: the tetraploid in both eases migrated into new territory. 

aS y . pulchellum possibly arose as the amphidiploid result of the fusion of 
a 6-chromosome tendency, now exemplified by true 8. nevii, with a o-ehromo- 
soine tendency, now exemplified by 8. nutfallianum. This explanation ac¬ 
counts for the marked similarity—resulting in frequent taxonomic confu¬ 
sion—of the juvenile plants of 8. pulchellum to uonfiowering plants of 8. 
nevii; it also explains the resemblance of the matured stages of 8. pulchellum 
and 8. nutfallianum , an annual within the area of 8. pulchellum , which is 
likewise annual. Accordingly, 8. pulchellum is to be interpreted as an amphi¬ 
diploid that has undergone autopolyploidy. 

The three chromosome-number races differ morphologically, but the cyto- 
geographic data indicate that only the diploid has been used- -by Michaux, 
Nuttall, and Small—as a basis for nomenelatorial designation of wild plants 
of this species. 

Department of Botany, University of Michigan 
Ann Arbor, Michigan 
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PLANT SUCCESSION ON ABANDONED FIELDS IN THE 
CENTRAL WISCONSIN SAND PLAIN AREA 1 

John W. Thomson, Je. 

Juneau County, Wisconsin, is in the part of the central sand plain area 
which is the bed of Glacial Lake Wisconsin. Here the residual soil of the 
underlying Cambrian sandstone has been reworked by water to form exten¬ 
sive areas of the Plainfield sandy soil series. In the southeastern part of the 
county there are large areas of the Boone series of sandy soils which are 
residual from the Cambrian sandstone but have not been reworked. These 
soils were much cultivated in Juneau County after settlement, which began 
in the eighteen-fifties, but their low fertility and their aridity have caused 
their abandonment in this century. As part of a study of the prairie flora 
in the central sand plain of Wisconsin, the succession of plants on some of 
these abandoned fields w T as observed in Juneau County. 

Funds making possible the field work for this study were supplied by 
the Alumni Research Foundation of the University of Wisconsin. The studies 
on the abandoned fields were begun during the summer of 193fi by Arthur 
Oehmcke and the writer and continued in 1937 and 1938 by the writer. 
Grateful acknowledgment is made to Professor N. C. Fassett of the Uni¬ 
versity of Wisconsin for constant help and suggestions during the progress 
of this study. 1 am indebted to my wife, Olive S. Thomson, for assistance in 
the field and in the preparation of this paper. The generous hospitality of 
Mr. and Mrs. F. N. Hamerstrom, Jr., made available their home as a center 
of operations while the field work was in progress. 

Information upon the dates of abandonment was supplied mainly by Mr. 
Leo Laski of Necedah and Mr. Knute Olsen of the Olsen store at Mather. 
Little information upon the date of last cultivation could be obtained from 
people living near abandoned fields. Their reluctance may in part be ascribed 
to the habit of some people in central Wisconsin of farming county land. 
When definitely dated fields were located which were on ground that was 
not too low and wet for the study of prairie plants, they were examined 
during the three successive years. A total of thirteen separate fields were 
observed during this period. The detailed data are not presented in this 
paper owing to the exigence of space but may be obtained by consulting the 
writer’s thesis submitted to the University of Wisconsin under the title of 
“Dynamics of some prairie plants in central Wisconsin.” The observations 
of changes within an individual field were checked against fields of varying 

1 Part of a thesis submitted in partial fulfilment of the requirements for tlic degree 
of Pli.D. at the University of Wisconsin, 1939. 
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ages and the result expressed in the chart, figure 1. On this chart the verti¬ 
cal lines represent the observed comparative abundance of the species; and 
the dotted lines represent the probable curve of frequency of each species. 

DISCUSSION OP THE SUCCESSION ON ABANDONED FIELDS 

Field work on the abandoned fields in 1937 and 1938 substantiated the 
observations made in 1936, 2 although many of the fields had again been put 
under cultivation and observation on them terminated. The rapid succession 
or changes in the flora during the first few years is very marked and later 
changes occur but slowly. While these observations were made on land which 
had been under cultivation for several years and 1 lien abandoned, Mr. F. N. 
Hamcrstrom, Jr., informed the writer that the succession which he had 
observed on plots which wen* plowed and then allowed to lie fallow with 
neither cultivation nor manuring, does not agree in its details with the 
observations noted here. He suggests that the early dominance of ragweed 
which we observed may be due to the manuring of cultivated fields. Tn sup¬ 
port of this suggestion is an observation made by Mr. Wallace Orange on 
his property near Babcock, Wood County, in 1938. Here a ditch bank con¬ 
taining much organic matter in the form of peat was burned over and in the 
burned area arose a dense stand of Ambrosia artennsii folia. Possibly the 
early dominance ol* this ragweed in the cultivated fields is dependent upon 
the presence of considerable* organic matter. 

The flora which becomes established in any given field will vary, depend¬ 
ing on a number of factors including the ability of the plants to produce 
seed and to secure dispersion of the seed, tin* nearness of the field to a source 
of seed and tin* ecological condition of the field. The occurrence of some of 
the more conservative prairie plants such as Desniodunn illinoensc on some 
of the fields is dependent on the proximity of a prairie relic which provided 
a source of seed. The other plants involved in the succession are dependent 
on the same set of fa ('tors. While individual fields will thus vary somewhat 
in the plants which are established upon them, the discussion which follows 
embodies the generalized story of the succession. 

In the fields which have been abandoned for but one year, the flora is 
much the same as during cultivation. There is an abundance of ragweed 
(Ambrosia art emisn folia) and sandbur ( Ccnchrus pa an floras). Canada 
Fleabane (Engcron canadensis) is often very common. Of lesser importance 
is a large group of American weeds of southern distribution. These include 
Mollugo vcrticillaia , Lrpfoloma cognaium , Lcpidiiem a pH alum , Oenothera 
rhomhipefala , Oenothera biennis , Panintni albemarlense , and Helianthus 
occidental is. A few European weeds may also become established, including 

2 Thomson, J. W., Jr. 1937. Dynamics of some prairie plants in Juneau County, Wis¬ 
consin. Unpublished thesis for the degree of M.A., Univ. Wis. 



36 


BULLETIN OP THE TORREY CLUB 


IVol. 70 


Set aria lutescens, Euphorbia macula t a, Polygonum convolvulus , and Bumex 
(icetosdla . Individual plants of a few prairie species may enter the fields 
during the first year. Among those observed are Euphorbia corollata, which 
at times may even be common, Andropogon f ureal us, and Andropogon 
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species in abandoned fields. 


scoparks . The prairie plants, however, do not attain any prominence in the 
early years; it is only at from nine to ten years after abandonment that they 
become important and they appear to reach a maximum in about fifteen 
years and thence show a slow decline until thirty-seven years, the age of 
the oldest field observed. 

During the second year after the field is abandoned there is little change 
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to be observed. Ragweed, sandbur, and Canada fleabane remain the most 
important species. The prairie plants, represented by Euphorbia corollata 
and the Andropogons , have increased somewhat and a fourth species, Lespe- 
dcza cap it at a , appears as a prominent invader. Prairie plants are but a 
minor part of the flora in the fields at this stage; the weeds are still very 
prominent. Hat coma pulegioides , A grosi is s cobra, and Physalis Virginian a 
appear, Poa comprcssa increases, and Myrica asplenifolia, which is later of 
great importance, gains a foothold. In one field, in T18N R3E S2NW, aban¬ 
doned one year in 1936, sandbur was very abundant. In 1937 it had disap¬ 
peared entirely but in 1938 it had again become prominent. This is rather 
exceptional, for sandbur is one of the critical species in the succession. In 
most of the fields observed this species disappeared after two years and none 
was present in fields abandoned for three years or more except where the 
fields had been disturbed. In the older fields sandbur appears as a result of 
heavy grazing, as it did in a ten-year field, or as a result of some other dis¬ 
turbance such as driving a car or wagon across the field. Sandbur then 
appears in the ruts. An attempt was made to see if the seeds of this plant 
remained viable in the soil and then germinated after disturbance by taking 
some of the soil of a field which had been abandoned for twenty-two years 
and placing it in shallow trays in the greenhouse. Several months after¬ 
wards, Moll ago vcrticillata , Rumex Acetosella , Poa comprcssa from the 
rhizomes, and Ante unarm sp. had appeared but sandbur had not. It would 
be interesting to know how long the seeds of this species can remain viable 
while buried in the soil. The rapidity with which it becomes established in 
freshly cultivated fields on the sandy soils in this county is remarkable. The 
lesser ragweed. Ambrosia artemisiifoha , presents a situation comparable to 
the sandbur. It is abundant during the first three years following abandon¬ 
ment, then practically disappears, persisting in the fields only as a result of 
grazing or some other disturbance. Since this is a valuable game bird food 
plant, it is important that some fields under cultivation, or abandoned for 
not more than three years, be available as a food reserve on game preserves 
in this area. 

Three years after abandonment the amount of ragweed decreases slightly 
and Canada fleabane becomes more dominant. Lcspcdcza capitata becomes 
slightly more common. Oenothera biennis has also risen in frequency. Aris- 
tida basiramea , Asclepias tuberosa , Helianthus occidentalism and Carex 
pcnsylvanica are the important new invaders. As already mentioned, 
Cenchrus pauciflorus has disappeared in most fields except in disturbed 
spots. 

In the one field observed five years after abandonment Lcspcdcza capi - 
tata and Euphorbia corollata had increased greatly. Four other prairie 
species appeared in the field': Coreopsis palmata , Asclepias tuberosa , Lit ho- 
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spermum gmelini, and Andropogon scoparius. These were not abundant. The 
observer unfortunately made no note of the weed flora in the field. 

In fields whieh have been abandoned for nine or ten years the change in 
successions has slowed up somewhat. They are quite similar to four- or five- 
year abandoned fields, although the prairie species have increased in gen¬ 
eral in numbers of plants and of species. Htcraciurn longipilnm , Baptism 
leucophaea, and Desmodium illinoense have appeared. Euphorbia corollaia 
and Lvspvdeza ca pit at a have become important, but there is still much 
Aristida basiramea and Erigeron canadensis. 

The single observed field of eleven years age of abandonment had been 
so heavily grazed that the succession upon it could hardly be termed typical. 
The hooves of cattle had so cut up the soil that great quantities of sandbur 
were present and tin* plants remaining in the field were mostly species 
unpalatable to cattle. 

Twelve-year fields show an increase in the plants of the prairie species, 
especially of Andropogon scoparius , Lcspedczu capitata , and Euphorbia 
corollaia. Erigeron canadensis and Aristida basiramea begin to drop in im¬ 
portance. Pinas banksiana appears in fields of this age and increases from 
this time on. The patches of Iinbas sp. and Myrica aspicnifoha are becom¬ 
ing conspicuous. By the time the fields have been abandoned for fifteen years 
the prairie species have reached their maximum both in number of individ¬ 
uals and in number of species present in the fields. There is a fairly solid 
turf of Andropogon scoparius. Lespedeza capitata and Euphorbia corollaia 
are very common. Hicracium longipilnm , Liatns scariosa , Helmuthus occi¬ 
dentalism and Lupinus pcrennis var. accidentalis are present. l T p to this time 
in the succession the distribution of each species has been fairly even 
throughout the field but now the various species begin to appear in patches 
rather than evenly distributed. This tendency becomes more accentuated in 
the older fields. Probably this tendency is caused in part by the severe com¬ 
petition in the field and the micro-conditions within the field limit the distri¬ 
bution of each species. The dominance of the prairie species persists in the 
fields from fifteen to twenty-two years abandoned but in the older fields, 
although the same species are present, the patches of distribution of the 
major species become more pronounced and the shrubby and woody plants, 
Mxjrica asplcnifolia , Rubus sp., Rhus glabra , and Pinas banksiana become 
more prominent. Care: r pensylvanica becomes more common. 

Explanation of figures 2-5 

Fig. 2. A field abandoned one year, T20N R5E 8(5. Ragweed is the most conspicuous 
plant. Fig. 3. A field abandoned three years, T18N R3E 82. A grant is scabra showing as 
white patches in the foreground, Lespedeza capitata in the background. Fig. 4. A field 
abandoned fifteen years, T19N R2E 817. Note abundance of Andropogon scoparius , scat¬ 
tered Finns banksiana. Dark area is Myrica asplenifoha. Fig. 5. A field abandoned 
thirty-five years, T19N R3E 827. Photo shows scattered Andropogon scoparius; vigorous 
invasion by Pin us banksiana and a single Populus grandidentata at right. 
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By the time the field has been abandoned for thirty-seven years the forest 
has encroached considerably on the prairie flora. Jack pine, Finns banksiana, 
is the dominating member of the flora and Popuius grandidcntata is also 
present. Shrubby plants including Myrica aspic nifolia, Corylus amcricana, 
young QKerens ell ipso idal is, and Bubns sp. occupy considerable territory. 
Carer pensylvanica is common in the slight depressions in the field, forming 
an almost continuous turf. The prairie species have dwindled in importance 
and are present only in a few scattered dumps of Euphorbia corollata , 
Andropogon sc Oparins, Koeleria cristata , and Lespcdeza eapiiata. Baptism 
leucophava and Coreopsis palmaia are present as a few plants. Liatris scari- 
osa was growing near the field in the open scrub oak woods but not in the 
field itself. 

Later succession can be but conjectured, since the oldest field upon which 
observations were made had been abandoned thirty-seven years. In this field 
and on several of the other abandoned fields, young oaks were growing. In 
an abandoned field in Monroe County, just west of Mather, there is a thick 
growth of jack pine but a few young oaks are present among them. Since 
the oaks are more tolerant of shading than the pine, they would survive 
until some accident to the pines would open up a space for growth of the 
oaks, when they would begin growing rapidly and shade out the younger 
pines which might start. In this way an interspersion of oaks and jack pine 
would result. Through the northern part of Juneau County the land which 
was cut over and then kept as stump pasture has reverted to oak and pine 
woods. The early surveys made in 1851 record mixed forests of oaks and 
pines. While some of the finest stands of white pine in the country were 
present in Juneau County, they were on the moister soils, and the forest 
at the time of settlement was a mixed one. Over most of the area on which 
the white pine formerly grew cultivation and fires which followed the lum¬ 
bering have destroyed most of the organic matter in the soil. To restore the 
soil to a condition suitable for a flourishing stand of white pine over much 
of the area would require centuries. Accordingly it would appear that the 
climax of succession on the dry sandy soils in Juneau County would be a 
mixed forest of oak and jack pine. Qucreus ellipsoidalis , Q. vclutina , and 
Q. macroearpa are the principal oaks involved in the succession. 

The causes of the succession are not at all understood, nor why the 
changes in the flora during the first years after the field is abandpned are 
rapid while later changes are more gradual. In Iowa Shimek* found that 
the prairie plants had become established in a field ten years after it was 
abandoned but that thirty years were required for complete establishment. 
Here in Juneau County the succession of prairie plants is a little slower, 

3 Shimek, B. Papers on the prairie. Univ. Iowa Studies in Nat. Hist. 5: 1-86. 1925. 
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requiring fifteen years, and is never complete, since the forest closes in by 
the time a field has been abandoned for thirty-five years. The perennials of 
the prairie flora type may replace the annuals of the weed type in the early 
years because they are better able to start growth in the spring and because 
they have more efficient root systems. But the disappearance of such species 
as the lesser ragweed may be dependent upon the rapid oxidation of organic 
matter such as manure in the dry sandy soils. Obviously the nutrient re¬ 
quirements of the plants and their water and light relations ought to be 
investigated. Some inquiry should be made into the soil conditions as affect¬ 
ing the growth of the plants; for changes within the soil may be responsible 
at least in part for the floral succession. One such type of experimentation 
would be to test the growth of* the various important plants in the succes¬ 
sion on soil samples taken from fields of varying ages of abandonment in 
order to determine whether there is an effect of the soil on germination, on 
growth of the seedling or on growth of the mature plant. Both topsoil and 
subsoil would have to be tested. 


SUMMARY 

The plant succession on abandoned fields in Juneau County, Wisconsin, 
is from a weed flora the first few years, with rapid changes in the succes¬ 
sion, to prairie plants which appear in numbers at from nine to ten years 
after the fields are abandoned, and reach a maximum at about fifteen years 
after the fields have been abandoned. Finally the prairie plants decline as 
the forest represented by jack pine and oak becomes the climax. 

Superior State Teachers College 
Superior, Wisconsin 
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THE TAXONOMY OF THE MONOGENERIC TRIBE 
ELVASIEAE (OCHNACEAE) 

John D. Dwyer 

In 1811 De Candolle described the genus Elvasia 1 with a single species, 
E. caUtyhyllea, and placed it in the Ochnaceae. Planchon in describing in 
1848 the genus Hostmunnia related it to Elvasia. In a later work Engler 
made Hostmannia a subsection of Elvasia , combining it with Planchon’s 
subsection Eu elvasia. Van Tieghem, the first worker to introduce radical 
changes into the genus, divided Elvasia into 4 genera, grouping the quartet 
under the tribe Elvasieae (Elvasiees) and Ilostmannieae (Hostnnninices) of 
the subfamily Elvasiodeae. (Jilg in the most recent treatment of tlie genus 
(1825) elected to retain Engler’s 2 subsections. 

This study of the genus Elvasia is a sequel to the author’s work on the 
American species of the Luxembnrgieae.Although fourteen collections of 
Elvasia form the basis of this study of seven species, apparently no more 
than nineteen collections of this genus are deposited in herbaria or are cited 
in the literature. Six of my specific descriptions are based on type material. 

Elvasia is limited to British Guiana, Surinam, Venezuela, and 
Brazil. Several collections made in the western part of the State of Ama¬ 
zonas, Brazil, indicate that this may be the center of distribution of the 
genus. Elvasia includes moderately sized trees and shrubs; members of the 
genus are not reported as being of economic importance. According to 
Pittier, in his discussion following the original description of E. carunensis , 
this species is known among the natives as Manieeo de Agua. The brief his¬ 
tory of Elvasia suggests that its position in the Ochnaceae is a sound one. 
The general structure of the pistils points especially to its relationship with 
the large ocluiaceous genus (Juratea. This is evidenced by its usually lobed 
and short-stipitate ovary with axillary plaeentation. Each cell of the ovary 
bears an ovule which in fruit develops into an exalbuminous seed. On the 
other hand its affinity with the tribe Luxemburgieae is manifested in the 
constantly slender, crowded, and immersed secondary veins of the leaf- 
blades, a character found in Blaslemanlhus arid Wallacea of the Luxem- 
burgieae. The scar ions sepals and the oblong, basifixed, and early deciduous 
anthers borne on slender persistent filaments resemble those of several gen¬ 
era of this tribe. Perhaps the most important character linking the Elvasieae 

1 Named by I)e Candolle in honor of Francois Manuel D’Elvas, who was, in the words 
of the author (Ann. Mas. Paris 17: 408. 1811) ‘ ‘ jo suite portugais qui le premier a tfcrit 
sur l’histoire naturelle du Brosil .” 

2 This study is at present in manuscript form. 
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and the Luxemburgieae is the distinct radial stigmas of the section Eucl- 
vasia, which are strikingly reminiscent of the sessile radiating stigmas of 
the Cexpcdrzia , Godoya , and Rhytidanthera complex of the Luxemburgieae. 
The tribe Elvasiae stands apart from botli the Ourateae and the Luxem¬ 
burgieae because of the unique structure of its fruit. Til this the homologues 
of the lobes of the ovary dilate laterally from a median disc as rav-like 
structures; a solitary basifixed seed develops in the hollow of the disc left 
by the abortion of the walls of the carpels/* The inconstant number of carpels 
found in several species of EIvasia is not found in the genera of the Luxem¬ 
burgieae and Ourateae. 

While intragenerically the author maintains the two subdivisions Evel- 
vasia and Hosimannut , which are based on differences in the number of 
carpels, further study indicates that a break in Eudvaxia is necessary on 
the basis of stigmatic differentiation coupled with variations in the number 
of stamens. A third division, Eitcsscquibensa , is proposed in this paper. 
Oeneral studies on the family Ochnaceae make it dear that earpellarv varia¬ 
tions in the species of the American genera are rare. In my opinion the 
variation in stigmatic structure in Elvasia is an exception to this stability, 
and is of equal importance as the equally exceptional variation in the num¬ 
ber of carpels within the same genus. It is an interesting fact that fruiting 
material has been described only from the section Eudvasia. Whether the 
asteroid type of fruit, which characterizes the two species of this section 
of the genus, is found in the 5 species of the two other sections only addi¬ 
tional collections of fruiting materials will disclose. One may anticipate a 
non-asteroid type of fruit for the section Ilostmauniu in which the carpels 
are reduced in number to two. 

KEY TO TILE SECTIONS 

0\an 4-3 (‘died; filaments of stamens (sit late anthems j not exceeding the 
anthers in length. 

Stamens 7-10; stigmas -4 —7>, fimbriate, radial (0.1-0.23 mm. Jong) 1. EiifIvasia. 

Stamens 10-20 (rarely up to 23) ; stigmas nndiffeientiated 2. Eutsscquihcnsa. 

Ovary 2-celled; filaments of stamens (at late anthesis) exceeding the anthers 

in length 3. Host nut uni a. 


KEY TO THE SPECIES 
1 . Eudvasia 

Leaf-blades dull-brown above. 

Sepals 3, 2.3-3 mm. long; petals 3 3.3 nun. long; stamens 7-8, the fila¬ 
ments 1.3-2.2 min. long; disc of fruit not obvious, tin* ra.\s dis¬ 
tinctly marcescent rugose, 2-3 mm. wide at base 1. E. ralophi/U'a. 

Sepals 4, 3.8-3 mm. long; petals 4-4.8 nun. long; stamens 10, the tila- 


’ Van Tieghein (Ann. Sci. Nat. VIII 16: 408. 1002) gives an excellent, description of 
the development of the fruit. 
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mentfi 0.4-0.8 mm. long; disc of fruit obvious, tlie rays almost 
smooth, 4-5 mm. wide at base 2. E. qnhiqueloba . 

Leaf-blades cinero-caneseent above 3* El. vanesccns. 


2. Eiirxscquibrnsa 

Leaf-blades 0-8 cm. long; branches of inflorescence subliomontal, obviously 

unequal 4. E. brevipediccllafa. 

Leaf-blades 9-20 cm. long; branches of inflorescence arcuate-ascending, sub¬ 
equal in length 5 . E. ewquibenxis. 


3. Iloxfmannia 

Sepals subrotund or ovoid-rotund, 2.8-3.8 mm. long; petals 4.6-5.0 mm. 

long 6. E. carnnenxix. 

Sepals elliptic to obovatc-oblong, 5.5-A.5 mm. long; petals (5-9 mm. long. 

7. E. rlvasoules. 

The materials eited in this paper have been seen red from various Ameri¬ 
can institutions which are designated by the following symbols; 

P—Field Museum, Chicago, 311. 

G—Gray Herbarium, Cambridge, Mass. 

NY—New York Botanical Garden, New York City, N. Y. 

US—United States National Herbarium, Washington, I). 0. 

The author wishes to express his appreciation to the directors of the 
institutions listed above for their kindness in loaning him specimens. Special 
thanks are due to Dr. A. 0. Smith of the Arnold Arboretum for bis criti¬ 
cism of the manuscript. 

Elvasia DC. Ann. Mus. Paris 17: 422. 1811. 

Hostmannia Planch, in Hook Ic. PI. 8 : pi. 709. 1848. Vasrlia van 
Tieghem, Ann. Sci. Nat. VIII 16: 409. 1902. Trichovaschu van Tieghem, 
Ann. Sci. Nat. VIII 16: 411. 1902. 

Trees or shrubs; leaf-blades subsessile or short-petiolate, coriaceous, 
acuminate, rarely refuse at apex, obtuse to cuneate at base, the costa slender 
and ridge-like, prominent, strigose, and hemispherical in cross-section below, 
becoming evanescent and plane toward apex, the secondary veins immersed, 
slender, crowded, leaving costa sub-horizon tally, the margin entire, subcal- 
lose, often with minute, appressed, glandular teeth; stipules persistent or 
deciduous, deltoid to acute, axillary; buds subrotund to ovoid; inflorescence 1 
paniculate, terminal, the flowers solitary or in fascicles on slender, very 
short-articulate pedicels disposed on a smooth angular rachis terminating 
the twigs or rarely disposed on axillary branches, the bracts persistent 
or deciduous, carnose, oblong, very obtuse, the margin entire; sepals 3-5, 
quincuncial, carnose, reflexod or patent, soon deciduous at anthesis; petals 
3-5, imbricate, carnose, reflexed or patent, deciduous at anthesis, yellow, 
the veins evanescent and flabellate toward margin, the latter entire; stamens 
7-25, arranged in a circle about pistil, yellow, the anthers deciduous, 2-celled, 
dehiscing by 2 subterminal sub-auriculate pores usually slit-like at base, 
basifixed, the filaments free, slender, clavate at apex, persistent (even in 
young fruit); pistil solitary, the ovary short-stipitate, smooth or lobed, the 
carpels 2-5, fused, forming 2-5 cells, the ovules solitary per cell, oblong, 
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subplane, attached medianally or basally, the placentation axillary, the style 
persistent (up to immature fruit), subulate, the stigmas indeterminate or 
obviously 2 or disposed as 5 terminal radiate fimbriate projections of the 
style; fruit (known from two species) star-shaped, lignose, a single dorso- 
ventrally subplane exalbuminous seed developing in a single locule, the 
remaining ovules and carpellary walls aborting. 

Tyre species: Elvasia calophyllea DO. 

1. Elvasia ualoiuiyllea DC 1 . Ann. Mus. Paris 17: 422. 1811. Elvasia 
sprucei van Tieghem, Ann. Sci. Nat. VIII 16: 409. 1902. Elvasia schom- 
buryki van Tieghem, Ann. Sci. Nat. VIII 16: 409. 1902. 

Small trees; leaf-blades usually deflexed, often revolute, oblong-lanceo¬ 
late, 4-6.5 cm. long, 2.5-4 cm. wide, tapering into an acuminate point or 
flat-obtuse at apex, obtuse-cunoate at base; stipules apparently persistent; 
inflorescence terminal, the rachis exceeding the uppermost leaves, up to 15 
(an. long, the branches sub-horizontal, becoming shorter toward apex, the 
flowers dense, solitary or fasciculate on slender pedicels 3-8 mm. long, the 
bracts slender-subulate, 1-3 mm. long, deciduous; sepals 3-4, concave, 
obovate-rotund or obovate-oblong, 2.3-3 mm. long, 1.2-2.6 mm. wide, the 
veins subparallel, irregular-ascending, well-spaced and forming toward 
margin a loose flabellate reticulum; petals 4, subequal, oblong-rectangular 
or suboblong, 3-3.3 mm. long, 1.3-1.6 mm wide, round-obtuse toward apex, 
tapering slightly toward base, the veins evanescent; stamens 7-8, the anthers 
plump, ovate-oblong to narrow-ovoid, 1-1.3 mm. long, about 0.5 mm. wide 
at base, the filaments 1 3-2.2 mm. long; pistil stipitate (for about 0.2 mm.), 
4-5-Jobed and -celled, rhomboid in outline, about 1 mm. wide, the style 1.3- 
2.8 mm. long, somewhat swollen at base, bearing 5 radial and fimbriate stig¬ 
mas at apex, each stigma about 0.2 mm. long; fruit dull grav-black, 4-5- 
ravecl, up to 2 cm. in diameter, the rays distinctly rugose and contorted, 
unequal, the disc scarcely evident, the seeds orbicular, about 2.5 mm. wide, 
depressed above. 

Type Locality: Brazil. 

Illustration: DC 1 . Ann. Mus. Paris 17 : pi. 51. 1811. 

Distribution: Known from British Guiana and the State of Amazonas, 
Brazil. British Guiana: Sclwmburyk 9iO (F, photo and frag., G, type col¬ 
lection of E. Schomburyki ), Sclwmburyk !)il (?) (F). Brazil: Without 
definite locality or collector, labelled De Candolle (F, photo and frag, of 
type of E. vdiophyUvd ); Amazonas: Barra, Rio Negro, Spruce 1792 (F, 
photo, G, photo, NY, tvpe collection of E. Sprucei) ; Santa Izabel, Ducke 
56 (F, NY). 

A thorough search of the literature, including the monograph in which 
the original description is found, failed to reveal the collector of the type 
material or the exact locality in which the type was collected. E. calophyllea , 
the type species is the most collected member of the genus. The reduction in 
the number of stamens (7-8) is its most outstanding specific floral character. 

2. Elvasia quinqueloba Spruce ex Engler in Mart. FI. Bras. 12 (2) : 
353. 1876. Yaselid qmnqueloba van Tieghem, Ann. Sci. Nat. VIII 16: 409. 
1902. 

Trees ( ?); leaf-blades often revolute, oblong, 10-15 cm. long, 3-5 cm. 
wide, acute at apex, cuneate-at base; stipules persistent or deciduous, 2-3 
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mm. long:; buds obovate-oblong, about 4 mm. long; panicle exceeding upper¬ 
most leaves, pyramidal, the branches subhorizontal, the pedicels about 3 
mm. long, the lowermost bracts often persistent, narrow-subulate, 2.5-3 mm. 
long, very acute; sepals 4, concave, oblong, ovate-oblong or rectangular, 
3.5-5 mm. long, 1.5-3 mm. wide, obtuse at apex and base, the veins few, 
well-spaced, parallel-ascending, flabellate toward margin; petals 5, obovate- 
oblong, 4-5 mm. long, 2-2.5 mm. wide, obtuse at apex, tunicate at base; 
stamens 10, the anthers linear-rectangular, about 3.5 mm. Jong, about 0.8 
mm. wide, the filaments 0.4-0.8 mm. long; ovary smooth or distinctly lobed, 
3-5-celled, rhomboid or subrotund in outline, about 0.9 nun. long, often 
wider than long, the style slender-subulate or thick-subulate (up to 0.5 mm. 
wide at base), 3-3.5 mm. long, the stigmas 5, fimbriate, radial, each stigma 
about 0.15 mm. long; fruit 4-5-lobed, 1-1.5 cm. in diameter, the rays red- 
brown, subsmooth, 3-5 mm. wide at base, the partitions persistent above, 
slender prominent, the seed about 6 mm. wide. 

Type Locality: Rio Guainia and Rio Negro, above mouth of Rio Casi- 
quiare, Amazonas, Brazil. 

Illustration: Engler in Mart. PI. Bras. 12 (2) : pi. 71. f. 1. 1876. 

Distribution: Known only from the type locality. Brazil—Amazonas: 
Rio Guainia and Rio Negro, above mouth of* Rio Oasiquiare, Spruce 3313 
(3398) (P, G, photo and type collection). 

This species is obviously related to E. calophyllca ; it is distinguished 
from the latter by being stouter in all its parts and by its distinctly oblong 
leaves. 


3. Elvasia canescens (van Tieghem) Gilg in Engler & Prantl, Nat. 
Pflanzenfam. ed. 2. 21: 77. 1925. Trichovalcsia cancsccns van Tieghem. 
Jour, de Bot. 16: 205.1902. 

Small trees, 4—5 m. high ; leaf-blades ashen-brown or waxy-farinose above, 
eanescent, brown beneath, obovate-oblong, about 5 cm. long, 2 cm. wide, flat- 
obtuse to deltoid (often retuse and truncate) at apex, subcuncate at base, 
the margin with minute purple hairs about 1 mm. apart, curved downward; 
stipules persistent, subdeltoid, about 1 mm. long, about 1 mm. wide at base! 
acuminate; panicle terminal, pyramidal, about 8 cm. long, the brandies 
slender, subhorizontal, densely flowered, the flowers solitary, the pedicels 
about 5 mm. long, the bracts concave, narrow-deltoid or subulate, about 3 
mm. long; sepals 3-4, unequal, reflexed at anthesis, obovat e-oblong or oblong, 

2.3- 4.3 mm. long, 1.2-2.7 mm. wide, obtuse to flat-obtuse at apex, obtuse at 
base, the veins 3-6, conspicuous or evanescent, branching flabellatcly above 
middle; petals 3-5, unequal, obovat e-oblong or oblong, 2.6-5 mm. long, 1.3- 
2.5 nun. wide, round-obtuse or deltoid at apex, obtuse-cuneate af base, 
stamens 7-12, the anthers plump, linear-ovoid to elliptic, 1.35-1.5 mm. long' 
0.5-0.8 mm. wide, the filaments 0.7-1.6 mm. long; pistil stipitate, the stipe 
0.J—i mm. long, the ovary 4-6-lobed, the lobes drooping, compressed-rhom- 
boid in shape, 0.5-1 mm. long, 0.8-1.1 mm. wide, the style thickly subulate, 

1.4- 4.5 mm. long, the stigmas 4-6, terminal, radial, and fimbriate ; fruit not 
seen. 

Type Locality: San Fernando, Atabapo, Amazonas, Venezuela. 

Distribution: Known from the type locality and from the state of Ama¬ 
zonas, Brazil. Venezuela—Amazonas: San Fernando, Atabapo, Gaillard 
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168 (F, photo and frag, of type). Brazil—Amazonas: Rio Curiouriary and 
Rio Negro, Ducke 366 (F). 

Of the seven species of Elvasia listed in this paper, E. canesccns is the 
most easily recognized, because of the distinctly canescent upper surface of 
the leaf-blade. 

4. Elvasia brevipedickllata Ule, Notizbl. Hot. Gart. Berlin 6: 339. 1915. 

Trees 5-10 in. high; leaf-blades oblong, 6-8 cm. long, 2.5-3.S cm. wide, 

acuminate at apex, wide-cuncate at base; panicle 3-5 cm. long, shorter than 
leaf-blades, the branches unequal, very short, the pedicels 3-4 mm. long; 
sepals 4 or more, about 6 mm. long, 4 mm. wide; petals subequal in length, 
spatulate-elliptic, about 6 mm. long, 4 mm. wide; stamens 20-25, the anthers 
exceeding the filaments in length, the latter about 1 mm. long, the anthers 
about 2.5 mm. long; ovary 5-celled, ovoid, about 1 mm. long, the style fili¬ 
form, about 2 mm. long; fruit not seen. 

Type Locality: Mt. lloraima, 1900 m. alt,., British Guiana-Venezuela 
boundary. 

Distribution: Known only from the type locality. British Gitiana— 
Venezuela boundary: Mt. Roraima, 1900 m. alt., Vic 8664 (G, photo of 
type). 

While the above description is based on a photograph of the type and on 
Ule’s original description, there seems to be no doubt that this species is 
related to E. csscquibcnsis Unfortunately Ule does not discuss its stigmatic 
structure, but tin* number of stamens surrounding 5 carpels is a strong indi¬ 
cation of its relationship with E. csscqmbcnsis . 

5. Elvasia kssequibknsis Bugler in Mart. FI. Bras. 12 (2) : 354. 1876. 
Hostmunniu csscquibcnsis van Tieghem, Ann. Sri. Nat. VIII 16: 414. 1902. 

Small trees or shrubs; leaf-blades dull gray-brown above, oblong, 9-20 
cm. long, 3.5- 8 cm. wide, conspicuously attenuate-apiculate at apex, the 
blade frequently splitting along the secondary veins, the margin subrevolute, 
entire, with minute black-glandular teeth, up to 0.5 mm. long; stipules per¬ 
sistent, elongate-deltoid, 3-5 mm. long, acute; buds rotund or oblong, about 
3 mm. long at maturity; inflorescence terminal, patent-paniculate, the 
dowel's in dense fascicles on the arcuate-ascending subequal branches, the 
latter equal to or exceeding the uppermost leaf-blades, the pedicels 2-4 mm. 
long, the bracts widely subulate, up to 3 mm. long, attenuate at apex; sepals 
5, unequal, oblong, oblong-rectangular or obovate-oblong, 2.8-4.2 mm. long, 
2-2.3 mm. wide, obtuse at apex, obtuse to subeuneate at base, the veins 6-8, 
conspicuous, well-spaced ; petals 5, oblong-obovate, obovate-rotund or oblong, 
4.7-5 mm. long, 2.3-4 3 mm. wide, obtuse (frequently refuse) at apex, sub- 
obtuse to cuneate at base, the median veins distinct, the lateral veins usually 
evanescent and tlabellate; stamens 11-18, the anthers linear-rectangular, 
2.2-3.2 mm. long, 0.5-0.8 mm. wide, the filaments 1-1.3 mm. long; ovary 
very short-stipitatc, the stipe up to 1 mm. long, 4-5-cel led, 0.7-1.3 mm. long, 
the style 2-4.5 mm. long, often contorted or transverse-rugose, constricted 
and markedly truncate at apex, the stigmas a plane surface; fruit not seen. 

Type Locality: Essequibo River, British Guiana. 

Illustration: Engler in Mart. FI. Bras. 12 (2) : pi. 71 , /. 2. 1876. 

Distribution: British Guiana. British Guiana: Mazaruni & Cuyuni 
Rivers, Graham 153 (NY) ; Essequibo River, Jcnman 1325 (NY). 
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This species is readily recognized by its constantly large and markedly 
oblong leaf-blades and arcuate-ascending branches of the inflorescence. 

6. Elvasia carunensis Pittier, Bol. Koe. Venez. Cien. Nat. 6 (41) : 75. 
1.939. 

Trees up to 15 m. high, the branches above middle of trunk; leaf-blades 
narrow-lanceolate, 7-15 cm. long, 2.5-4.6 cm. wide, acute and narrowly 
acuminate at apex, euneate at base; stipules deciduous, striate, deltoid, up 
to 5 mm. long, the free lobes deltoid and long-acuminate; buds rotund, about 
2.5 mm. wide; inflorescence terminal, not exceeding uppermost leaves in 
length, pyramidal, the flowers fasciculate on the horizontal whorled branches, 
the pedicels long, the bracts subconcave, widely subulate-deltoid, up to 3 mm. 
long; sepals 3-4 smooth, unequal, subrotund or ovoid-rotund, 2.S-3.8 mm. 
long, 2.6-3 mm. wide, obtuse at apex and base, the veins parallel-ascending, 
well-spaced, branching loosely above middle; petals 3-4, reflexed at anthe- 
sis, obovate or obovate-oblong, 4.7-5.6 mm. Jong, 2.2-3.3 mm. wide, obtuse 
at apex and base, the veins 'flabellate and immersed; stamens 15-21, the 
anthers plump, ovate-oblong, 2-2.3 mm. long, about 1 mm. wide, the fila¬ 
ments 1.2-2.5 mm. long; ovary smooth, rotund or rhomboid, 1.2-2.4 mm. 
long, 1.2-1.5 mm. wide, 2-celled, 2-ovuled, the style thick-subulate or slender 
and contorted, 1.7-7.5 mm. long, the stigmas undifferentiated or the style 
grooved above the middle and bearing two lateral stigmatie surfaces at apex; 
fruit not seen. 

Type Locality: El Pescado, Bolivar, Venezuela. 

Distribution: Known only from the type locality. Venezuela—Bolivar: 
El Pescado, 140 m. alt., Llewelyn Williams 1152~> (F, NY, type collection). 

Pittier, in his discussion following the original description of E. canine n- 
sis, states that the number of stamens is constantly 17. My counts of the 
stamens in type material show them to vary from 15-21. This species shows 
its close relationship with E. dvasoides in its vegetative* habit as well as in 
the number of the stamens, length of the filaments, number of the cells of 
the ovary, and its stigmatie differentiation. Notable differences are appar¬ 
ent : E. carunensis has smaller flowers, subrotund or ovoid-rotund sepals, 
and the usually rhomboid-shaped ovary. 

7. Elvasia elvasiodes (Planch.) Gilg in Engler & Prantl. Nat. Pflanzen- 
fam. Ill 6: 145. 1893. Hostmannia elvasiodes Planch, in Hook le. PI. 8: 
pi. 709. 1848. Elvasia Hostmannia Planch. Loud. Jour. Bot. 5; 648. 1846. 
Hostmannia 8agoti van Tieghem, Ann. Sci. Nat. VII1 16: 414. 1902. 

Trees; leaf-blades oblong to oblong lanceolate, 5-8 cm. long, 2-3.5 cm. 
wide, abruptly acuminate at apex, euneate at base; stipules persistent, black¬ 
ish, widely subulate, 3-4 mm. long, the margin erose; buds subrotund, about 
4 mm. long at maturity; inflorescence terminal or on axillary branches, 
equal to or exceeding the uppermost leaf-blades in length, compressed pyra¬ 
midal-paniculate, the branches subhorizontal or obviously ascending, the 
flowers dense, solitary or fasciculate, the pedicels slender, 4-9 mm. long, 
the bracts concave, oblong or rectangular, about 3 mm. long, the margin 
hyaline or somewhat irregular; sepals 4, reflexed at anthesis, thin-carnose, 
subequal in length and width, elliptic to obovate-oblong, 5.5~6.5 ram. long, 
3-3.5 mm. wide, obtuse to subdeltoid at apex, obtuse to subcuneate at base, 
the veins about 6, well-spaced and parallel-ascending; petals 4, thin-carnose, 
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unequal, reflexed at a 11 thesis, obovate-spatulate, obovate-oblong, or obovate, 
6-9 mm. long, 3-4 mm. wide, obtuse at apex, wide-cuneate to obtuse at base, 
the veins few subflabellate from a somewhat swollen midvein; stamens 17-21, 
the anthers oblong, about 3 mm. long, 1 mm. wide, the filaments slender, 
2-3.6 mm. long, exeeeding anthers in length; ovary smooth, vaguely lobed, 
ovoid-rotund in outline, 1.1-1.6 mm. wide, the style subplane, subulate, thiek- 
ened toward base, 2-grooved above middle, 5-6 mm. long, the stigmas 2 or 
simply indeterminate, the ovary 2-eel led, the 2 ovules about 0.8 mm. long, 
attached sub-basally; fruit not seen. 

Type Locality: Dutch Guiana. 

Illustration: Planch, in Hook, Ic. PI. 8: pi. 70.9. 1845. 

Distribution: French and Dutch Guianas. Dutch Guiana: Hostrnann 27’1 
(F, type collection); Marowvne Kiver, Happier 172~> (F). French Guiana: 
Karouany, *S Uigot 7 X 6 (F, photo and frag, of type of Hostrnann in Sagoti). 
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KAIETEUREA, A NEW GENUS OF THE OCHNACEAE 

John I). Dwyer 

Kaieteurea Dwyer, gen. uov. Arbores vel suff rut ices; laminae simplices, 
subsessiles ad apieem ramulorum persistentes eoriaeeae, eosta supra infraque 
prominente, venis secundariis evaneseentibus prominulis vel submersis, mar- 
gine integro; gemmae ovoideae; stipulae ovoideae eadueae; inflorescentia 
terniinalis floribus soli tarns, alibus in ramis raeemosis axillaribus et alibus 
in panieulatis rhaebidibus virgas terminantibus dispositis, pedieellibus re- 
eurvatis gracilibus, braeteis persistentibus ant eadueis parvis obtusis mar¬ 
line integro; sepala 2 (rare 3), o])])osita aut alterna in gemma eonereseentia 
marginibus non-imbricatis earnosa persistentia (in etiani fruetu) ; petala 
3-4 inox deeidua earnosa oblonga margine integro; stamina 10, antlieris mox 
deciduis transverse-rugosis lineari-reetangularibus 2-poris terminalibus de¬ 
hiscent ibus, tllamentis liberis subnull is; pistillum solitarium, ovario st ipitato 
in annulum 5 earpellis dispositis 5-Ioeularibus ovulo solitario in utroque 
loculo, stylo uno terminate subulato, stigmatibus nullis; fruetns stipitatus 
solitaria drupa dispositus rotundatis sepalis involutus, semini solitario 
exalbuminoso. 

Trees or shrubs; leaf-blades simple, subsessile, persistent at the apices of 
the branches, coriaceous, the midrib prominent above and below, the lateral 
veins evanescent or immersed, the margin entire; buds ovoid; stipules de¬ 
ciduous; iidlorescence terminal, the flowers solitary, some arranged on race¬ 
mose axillary branches, others on a paniculate raehis terminating the twig- 
lets, the pedicels slender, recurved, the bracts persistent or deciduous, small, 
obtuse, the margin entire; sepals 2, (rarely 3), fused in bud, opposite, car- 
nose, persistent (even ill fruit) ; petals 3- 4, soon deciduous, carnose, oblong, 
the margin entire; stamens 10, the anthers soon deciduous, transversely 
rugose, linear-rectangular, dehiscing by two terminal pores, the filaments 
free, scarcely measurable; pistil solitary, the ovary stipitate, 5-carpellate, 
the carpels arranged in a ring, 5-cel led, a single ovule in each cell, the style 
solitary, terminal, subulate, the stigmas lion-differentiated; fruit stipitate, 
solitary, drupaceous, rotund, enclosed by the persistent sepals, the seed soli¬ 
tary, exalbuminous. 

Oarpellarv studies leave no doubt that Kaieteurea is related to the oeli- 
naceous genus Ouratea , well-known to workers in the floras of the new and 
old worlds. The five fused and uniovulate (one ovule per locule) carpels 
arranged in a circle atop a conspicuous stipe and terminated above by a 
subulate style with undifferentiated stigmas are unmistakably similar in 
both genera. Kaieteurea , while similar to Ouratea in vegetative habits and 
structure, shows marked differences in its fruit and flowers. Tn fruit, the 
torus becomes lignose, scarcely expands, and bears a single drupe encased 
in the two erect persistent sepals. The absence of endosperm in the seed 
places Kaieteurea together with Ouratea , Ochna , Brackenrkhjea (Oura- 
teae), and Elvasia (Elvasieae) in the primary subdivision of the Ochnaceae, 
Exalbuminosae. On the basis of fruit structure further study may prove 
that Kaieteurea is deserving of tribal rank. The floral differences are equally 
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striking. The new genus, unlike any other American genus of the Oehnaceae, 
frequently has one pair of opposite sepals; this is a marked deviation from 
the quincuneial arrangement of the sepals which typifies Ouruieu , Elrasia , 
and the majority of the genera of the Luxemburgieae. The marked reduction 
in the number of sepals to 2 is a condition not met with in the above genera 
and tribe. Critical examination of the margins of the sepals of Kaieieurea 
shows that these are fused in the bud and at anthesis are torn apart. The 
persistence of the sepals as well as their erect habit in the fruit point to the 
relationship of the new genus to the Luxemburgieae, many of whose genera 
have the sepals persistent and erect in the fruit. Accompanying the marked 
reduction in the number of sepals is a frequent reduction in the number of 
petals to 3. Ouratea , with the exception of odd and obviously abnormal flow¬ 
ers, is distinctly pentamerous. The biporous, linear-rectangular, and trans¬ 
versely rugose anthers of luueti urea, which are borne on scarcely measurable 
filaments and disposed in a single circle at the base of the stipe, are the pro¬ 
totypes of those of Ouratea This relationship is further manifested in the 
constancy in the number of the stamens. 

Kautnnra derives its name from the Kaieteur Savanna, British (luiana, 
where the type-species was collected. Potaro Landing, Kaieteur Savanna, is 
the home of a considerable number of endemics. 

Kaieteurea gillyana Dwyer, sp. nov. Arbores vel suffrutices; folia ad 
apieem ramulorum conferta; petiolo brev i, circular 3-8 mm. longo suffulta, 
lamina ascendente coriacea brunnea rigida glaberrima oblonga, 3-5 cm. 
Jonga, 1.2-2.5 lata, ad apieem et ad basim distincte cuneata, costa supra in 
culminem elevata, circ. 0.5 mm. lata, suj)ra prominente infra longitudino- 
striata ad basim circ. 2 mm. lata a pice evanescentc, nervis secundariis 
subobscuris, alibus paucis distantibus arcuato-ascendentibus ]>rominulis 
juxta coslam margine subprominentibus, alibus multis crebris irregu- 
laribus a costa ad angulum 80° abeuntibus, margine integro; gemmae 
ovoideae, circ. 5 min. longae, acutissimae; inflorescentia ad apieem virgarum 
multis ramis racemosis ab superiorum laminarum axillis singulatim 
orientibus et in modnm paniculae caulem extrahentis dis]>osita latidu- 
dine subaequalibus et vix longioribus superioribus rhachidibus ramisque 
Jignosis angularibus striatis subtortisque, floribus crebris, pcdicellis recur- 
vatis, 0.5-1 cm. longis, gracili-marcescenti-striatis singulatim dispositis, 
bracteis persistentibus ant deciduis concavis oblongis, circ. 1.5 mm. longis; 
sepal a 2 (rare 3), opposita persistent ia (in etiam fructu) rubro-brunnea 
carnosa longitudine vix marcescenti-striata ovata vel ovato-rotunda, 5.5-6 
mm. longa, 4.5 mm. lata, ad apieem late deltoidea ad basim obtusa; petal a 
3-4 subaequalia caduca carnosa rubro-brunnea C ,} ) oblonga, circ. 7.5-8 mm. 
longa, 3-3.9 lata, ad apieem obtusa retusaquo (sinu circ. 0.5 lata) ad basim 
obtusa; stamina 10, uniseriata, anthera trailsverse-rugosa rubra lineari- 
rectangularibus sae])e in medio geniculatis, circ. 5.5 mm. longis, ad basim 
1-1.5 mm. latis, 4-locularibus interioribus (eorum) vix brevioribus augusti- 
oribus ad apieem biporosis; pistillum sol itariuui stipitatum (stipite 0.5-1 
mm. longo), ovario carnoso 5-loculare 5-ovulato aequale distineteque lobato, 
depresso-rotundo, circ. 1.5 mm. lato, circ. 0.6 mm. longo, ovulis loculos com- 
plentibus sublongis, circ. 0.5 mm. longis, basifixis, sty]o-filiformi, circ. 4 mm. 
longo, stigmatibus nullis; fruefus stipitatus (stipite recto nigro lignoso mar- 
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cescente elavato, eirc. 2.5 mm. lon«?o, apice 2.5 mm. lato) vix marcesoens 
rotundatus sepalis involutis, semini solitario exalbum in oso. 

Distribution: Known only from the type locality. British Guiana: 
Potaro Landing, Kaietonr Savanna, Jenmati (NY type). 

This species is named for Mr. Charles Gilly of the New York Botanical 
Garden who by his criticism assisted the author in his preliminary construc¬ 
tive work on the Ochnaceae. 



B V L L Jfl T 1 N O F T H K T O R KEY BOTANICAL C L TT B 
Voi~70, No. 1, pp. 53-57 January, 1943 


THE STATUS OF DISTICHLIS DENTATA 

John R. Reedek 

While studying grasses collected in Eastern Oregon in the summer of 
3941, the writer was ini])ressed with the difficulty of separating Distichlis 
dentata Rydb. and D. stricta (Ton*.) Rydh. None of the available keys was 
satisfactory and even the original description of I), dentata seemed vague. 
In view of this apparent confusion, a critical study was made of these two 
species and tin* conclusions readied are here presented. 

For materia] kindly loaned for study, in addition to his own specimens 
and the collection at Oregon State College, the writer herewith expresses his 
appreciation to the United States National Herbarium, the Rocky Mountain 
Herbarium, and the University of Oregon. He is especially indebted to the 
New York Botanical Harden for the loan of types. Thanks are due also to 
Mrs. Agnes Chase for personal selection of specimens and for criticism of 
the manuscript and to J)r. Helen Oilkey for suggestions given throughout 
the progress of the study. 

Rydberg (1909) described Distichlis dentata as differing from D. stricta 
and D. spicata “in the broader leaves, larger and broader spikelets, larger 
and broader floral glumes and palets in the pistillate plants, and in the dis¬ 
tinct dentations on the keels of the latter/’ He cited collections from Wash¬ 
ington, Oregon, Saskatchewan, and Nevada 

Fassett (1925), commenting on Rydberg's description, states: “In all 
these characters D. stricta is extremely variable, and while the conspicuously 
dentate paleas appear at first to be distinctive, this character breaks down 
when it is seen that almost all of the plants have the lemmas 1 somewhat 
dentate, and there is a difference only of* degree.” He places D. dentata in 
synonymy with D. stricta. 

Hitchcock did not recognize either D. stricta or D. dentata until some 
time after 3923. In his Genera of Grasses (1920) and in Abrams' Illustrated 
Flora of the Pacific States' 2 (1923) both />. stricta and I). dentata are listed 
as synonyms of 1). spicata. However, in his Manual of (wrasses (1935), 
Hitchcock recognized both of these species. His maps show D. stricta occur¬ 
ring in every state west of the Mississippi except Arkansas and Louisiana; 
D. dentata is listed as occurring only in Washington, Oregon, Idaho, Colo¬ 
rado, Nevada, Arizona, Utah, and Northern California. 

Detailed study of the types of I), dentata and 1). stricta , as well as of 
specimens from 37 western states, convinces the writer that D. dentata is not 

1 This is obviously an error. The word “ lemma* ’ should be pnlcn. 

2 Key to the Grasses by A. S. Hitchcock. 
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a good species. The problem is complicated by the fact that the genus 
DisticMis is dioecious. Comparison of specimens labeled D. dentata with 
those labeled Z). stricta indicates that the former has been separated entirely 
on the basis of the characteristics of the pistillate plants. Table is a com¬ 
parison of these two species without regard to sex. 

TABLE I 


1). stricta D. dentata 


Leaf width in mm. 

Florets per spikelet 
Width of spikelet in mm. 
Length of spikelet iu nun. 
Width of lemma in mm. 
Length of lemma in nun. 


1.5-3.3 

1.5-4.0 

5-18 

5—13 

3.0—5.5 

4-0 

8-27 

10-20 

1.5-2.2 

1.8-2.5 

4.0— / .‘o 

4.5—7.0 


It will be noted that all the characters compared above, with the exception 
of “florets per spikelet,” were used by Rydberg to separate D. dentata from 
D. stricta. Examination of table 1, however, shows that there is so much over¬ 
lapping that these characters are not diagnostic. 

Hitchcock (1935), in his key, separated I). dentata from 7>. slncta on the 
basis of the dentate palea-kcels plus relative length of lemma to palea. 4 In 
his description he stated that the panicles of D. dentata are usually “over¬ 
topped” by the leaves. The following table is a comparison of staminate and 
pistillate plants regardless of the name oil the label. 

TABLE 2 


Staminate Pistillate 


Keels broadly winged 

Keel wings prominently serrulate 

Panicles exceeding the Leaves 


Examination of the paleas of the pistillate plants labeled 1). dentata. 
revealed that none of them is strictly dentate, while all are serrulate or 
serrulate-lacerate. This is also true for the pistillate plants labeled D. stricta. 
In both of these “species” the width of the keel varies from extremely wide 
to rather narrow, but the wing is always evident. In the staminate plants the 
palea-wings arc entire or very slightly serrulate, 5 and are always narrower 

3 The data presented here represent a compilation of measurements made on all the 
specimens studied. 

4 In the Manual, T). dentata is said to have paleas longer than the lemmas, in contrast 
to J ). spicata and D. stricta in which the lemmas exceed the paleas. However, Mrs. Agnes 
Chase, in a letter to the writer’s wife, says that this is an error and that the two state¬ 
ments should be reversed, i.e., 1). dentata has paleas shorter than the lemmas. 

5 Under a magnification of 20 diameters or more, in addition to serrulations, fimbria- 
tions may also be seen on the wing-margins in both staminate and pistillate plants. 
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than in pistillate plants (fig. 1). It was further noted that the paleas are 
shorter than the lemmas in praetieally all spikelets of the pistillate plants 
of the genus; while in the staminate ])lants the paleas are usually as long as, 
or longer than, the lemmas. Also the panieles of staminate plants usually 
exceed the leaves, while in pistillate plants the leaves commonly “overtop” 
the panicles (fig. 2). It is readily seen that these characters, which have 
been used to separate species, are merely distinctions between the sexes. 

A very significant fact disclosed by this study is that 100 per cent of all 
sheets labeled I), duitata contained pistillate plants; while only 30 per cent 



Fin. 1. P.-ilens of Ihshchhs slnriu /, 5. Pistillate above; note vciv wide keel wings anil promi¬ 
nent sen illations, »Stmmmite below; note narrow keel-wings and almost total absence of serrula- 
tLons. Fkj. 2. Dishchhs stncla. Staminate plants on the left; note that the panicle is borne well 
abo\e the leaves. Pistillate plants on the right; note that the leaves exceed the panicle. 

of those labeled 1). stricta contained pistillate plants. Indeed the type speci¬ 
men of D. (batata is pistillate, while that of />. stricta is staminate. 

Staminate plants were rare on sheets labeled I). dnitata; when they were 
present they differed in no essential eharaeter from those on sheets labeled 
D. stricta. On the other hand, 70 per cent of the sheets labeled I), stricta 
contained staminate plants alone. Pistillate plants on the sheets labeled I). 
stricta often have all the characters described for I), dnitata , although the 
width of the keel is variable as previously mentioned. However, wdien plants 
having the characters of I), dentuta have been observed in the field by the 
writer, staminate plants have predominated. On numerous occasions it has 
required patient search before pistillate plants could be found. In view of 
these facts it seems obvious-that 7). dnitata has been segregated from I). 
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stricta solely on the basis of the character of the pistillate plants. In almost 
any collection the pistillate plants could readily be referred to D. dentata 
and the staminate to D. stricia. This evidence indicates that D. deniata Rydb. 
should be reduced to synonymy under D. stricta (Torr.) Rydb. 

SPECIMENS EXAMINED 

Specimens from the following herbaria have been consulted in making 
this study: United States National Herbarium, Washington, D. C. (US); 
Oregon State College, Corvallis, Oregon (OS); University of Oregon, Eu¬ 
gene, Oregon (UO); Rocky Mountain Herbarium, Laramie, Wyoming 
(RM) ; and New York Botanical Garden, New York (NY). 

California: Hitchcock 2586 (J*), US; 18Uveas 2855 (J'), US. Colorado: 
Johnson 1031 ($), as T). dentata , US; Rollins 1957 (<J), US. Idaho: Chase 
1767 (J* & ?), as I). dentata , IJS; C. P. Smith 1772 (J*), US. Kansas: 
Thompson 25 (J*), US. Minnesota: Hotchkiss rf; Jones 3997 (J' & J), US. 
Missouri: Bush 6160 ($?), ITS. Montana: Williams rf; Griffiths 233 (J 1 ), US. 
Nebraska: Clements 2810 (J), ITS; Ilapeman in 1926 (J*), OS; Rydberg 
1811 (J* & $?), US; Thomson 335 ($), ITS. Nevada : Heller 10558 (& $), as 
D. dentata , US; Tidestrom 10117 (J & J), as D . dentata , US; Train 2192 
($), as D. dentata , US. New Mexico: Hardies in 1936 ($?), ITS; I)r. James , 
sources of the Canadian (J'), (type), NY. North Dakota: Hitchcock 5059 
(cT)i US; Lunnell in 1913 (J), US. Oklahoma: Clemens 11189 CJ), US; 
Stevens 660 (J*), US. Oreoon: Anderson in 1935 (J 1 ), UO; Cusick 1918 
(c?& ?), UO; Elder 143 (J&5),asZ). dentata , US; Fleischman in 1934 (}), 
OS; Gil key in 1932 (J & $), OS; d; Morm 501 (J*), TTS; Henderson 

8172 (J), UO ; Ingram B673 ( c ? & $), OS; Ingram in 1917 ($?), OS; Johnson 
in 1932 (<?). OS; Kit eh tier in 1927 (J), OS; Leiberg 463 (?), TTO; 7W (J*), 
US; 712 (J & J), UO; 2387 ($?), as 7>. dentata , US; Parsed 269 (J 1 ), OS. 
South Dakota: Griffiths 355 ($), US; (J), US; WVi/Zgcc tf (J), US. 
Utah : Garrett 5201 (J), as D. dentata , US; Harrison 293 (J'), ITS. Wash¬ 
ington: Elmer 508 ($?), as />. dentata , ITS; Leckenby in 1898 (J 1 ), US; 
Sandberg dr Leiberg 251 (J), US; 463 ($), as D. dentata , US & RM (type 
of 7). dentata at NY); in 1893 (5), as D. dentata , RM; Sprague in 1938 ($?), 
OS; F<wrj/ 1 (J), US. Wyoming: Merrill 12 (J & J), US; Nelson 8175 (J). 
US. 

SUMMARY 

Study of numerous collections of Distichlis from 17 western states shows 
that Z>. dentata is not distinct from P. stricta. These two * ‘species’’ cannot 
be separated on the basis of staminate plants and only arbitrarily on the 
basis of pistillate plants. The basis for segregation of D. dentata has appar¬ 
ently bfen the characters of the pistillate plants, as no single collection of 
staminate plants has been referred to this species. D. dentata is reduced to a 
synonym of D. stricta. 

Department of Botany, Oregon State College 
Corvallis, Oregon 
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NEW NORTH AMERICAN UMBELLIFERAE—II 

Mildred E. Mathias and Lincoln Constance 

Tauschia Johnstoniana Mathias & Constance, sp. nov. Ilerba acaulescens 
caespitosa, IQ-15 cm. alia, soabrida vel scaberula; folia in ambitu oblonga 
vol ovata, petiolo cxcluso 2-6.5 cm. longa, 2-4 cm. lata, pinnata vel pro parte 
bipinmita, i'oliolis linearitms opj>ositis distinctis, 5-40 mm. longis, 1-1.5 mm. 
latis, integris mucroiiatis; petioli 3-5 cm. longi infra anguste scarioso- 
marginati; pedmiculi 7-9 cm. longi, folia aeqnantes vel exeedentes; involucri 
bracteae 1-2, lineares; involueellae bracteolae plures lineares, 1-5 mm. 
longae, circa flores aequantes, fructu breviores; radii fertiles 3-5, sub- 
aequales, 10-15 mm. longi scaberuli; pedicelli circa 1 mm. longi; flores 
lutoi; styli tereti graciles recurvati; fructus oval is circa 5 mm. longus, 2-3 
mm. latus, commissnrae apice alte excavata, costis filiformibns; vittae parvae 
in intcrvallis at({ue in commissura plures; soniinis facies sulcata. 

A caulescent, caespitose, 10-15 cm. high, the foliage and inflorescence 
scabrous or scaberulous; leaves oblong to ovate in general outline, excluding 
the petiole 2-6.5 cm. long, 2-4 cm. broad, pinnate to partially bipinnate, the 
leaflets linear, opposite, distinct, 5--40 mm. long, 1-1.5 mm. broad, entire, 
mucronate; petioles 3-5 cm. Ion*?, narrowly scarious-margined below; 
peduncles 7-9 cm. long, equalling to exceeding the leaves; involucre of 1-2 
linear bracts; involucel of several linear bracelets, 1-5 mm. long, about 
equalling 1 the flowers but shorter than the fruit; fertile rays 3-5, subequal, 
10-15 mm. long, scaberulous; pedicels about 1 mm. long; flowers yellow; 
styles terete, slender, recurved; fruit oval, about 5 mm. long, 2-3 mm. broad, 
with a V-shaped depression at the commissure, the ribs filiform; oil tubes 
small, several in the intervals and on the commissure; seed face silicate. 

Type: Stanford , Rutherford cO Northern ft 682, on mountain top 7 kilo¬ 
meters southwest of Miquihauana, Tamaulipas, Mexico, alt. 3430 m., August 
5, 1941 (ITC, type; GH, isotype). Although it fully agrees with the chief 
generic characters, this very striking species does not seem to possess any 
close relatives. In our key it appears variously next to 7\ Ehrrnbvryu 
(Wolff) Mathias, T. Strieklandi (Coult. & Rose) Mathias & Constance and 
T. tvjcana Gray, but these juxtapositions may be due fully as much to chance 
as to consanguinity. The species is named in honor of Dr. Ivan M. Johnston, 
of Harvard University, who is the author of some excellent critical studies 
of American Umbelliferae, and who correctly placed the present entity in 
the proper genus. 

Lomatium idahoense Mathias & Constance, sp. nov. Plantae aculcscentes 
vel breyi-eaulescentes, 2-4 dm. altac, e rad ice prima gracile; caules graciles 
glabri; "folia pauca glabra in ambitu obovata, petiolo exeluso 4-12 cm. longa, 
ternato-pinnata vel pro parte biternata, divisionibus ultimis anguste lineari- 
bus vel oblongis acutis obtusisve, 1-10 cm. longis, 1-4 mm. latis; petiolus 
glaber, 1.5-12 cm. longus, parte inferiora (0.3-0.6 cm.) anguste vaginante; 
involueella nulla; radii 3-7 adscendentes, 2-8 cm. longi, inaequales graciles; 
pedicelli filiformcs, 5-15 mm. longi; umbellularum flores 7-20 Intel; fructus 
glaber anguste oblongus ad apicem acutus, 10-12 mm. longus, 3-4 mm. 
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latus, alis quam corpora niulto angustioribus; vittae in intervallis solitariae, 
in commissura 2. 

Plants caulescent or short-caulescent, 2-4 dm. high, from a long, slender 
taproot, the stems slender, few-leaved, glabrous; leaves obovate in general 
outline, excluding the petiole 4-12 cm. long, ternate-pinnate or partially 
biternate, the ultimate divisions narrowly linear to oblong, acute or obtuse, 
1-10 cm. long, 14 mm. broad, glabrous; petiole 1.5-12 cm. long, narrowly 
sheathing in the lower one- or two-thirds, glabrous; involucel wanting; 
rays 5-7, ascending, 2-8 cm. long, unequal, slender; pedicels filiform, 5-15 
mm. Jong, the umbellets 7-20-flowered; flowers yellow; fruit narrowly ob¬ 
long, acute at the apex, 10-12 mm. long, 3-4 mm. broad, glabrous, the wings 
much narrower than the body; oil tubes solitary in the intervals, 2 on the 
commissure. 

Type: A. IL Vroinpiisl 2H66, gravelly granitic hillside along Beaver 
Creek near Marsh Creek, 25 miles northwest of Stanlev, (bister Countv, 
Idaho, alt. (>400 feet, July 3, 1941 (UC, type; IM, MB, MINN, ufs, 
isotypes). 

Specimens examined: Idaho: Beneath Pseudoisupa taxi folia and Pinas 
ponderosa on ridge above east side of Sheep Creek, Idaho Countv, alt. 5500 
feet, May 11, 1939, F. (1. Neper 16U (MEYElt, UC) ; moist tains on hills 
above Sheep Creek and the Snake River Canyon, Canadian Zone, May 16, 
1936, F. O. Neper 262a (MEYER) ; Panther Creek, Lemhi Countv, Mav 16, 
1941, Rap J . Davis 3112 (UC, Pis); \ mile below Middle Fork, Lemhi 
County, May 15, 1941, Rap J. Darts 3060 (UC, Tils). 

The discovery of such novelties as this bears witness to the fact that Idaho 
is perhaps the least fully explored of any of the continental United States. 
Lomatnun ulalmcnse appears to be most closely related to L. laevipatum 
(Nutt.) (built. & Rose, a species of the Columbia River Valley, in Washington 
and Oregon. Jt differs, however, from L. laenpahnn in its many fewer 
leaflets, fewer rays and longer and more slender fruit. 

Lomatium Rollinsii Mathias & Constance, sp. now Plantae graeiles 
eaulesccntes allerne ramosae, 2.5-5 dm. altae, e radiee prima elongata saepe 
tuberosa, omnino crispo-puberulae; folia in ambitu oblonga, petiolo excluso 
5-15 cm. longa, 3-5 cm. lata, bipinnata vel pro parte tripinnata, divisionibus 
ultimis linearibus acutis obtusisve, 0.2-3 cm. lougis, 0.5-2 mm. Jatis, puberu- 
lis; petiolus basilaris, 5-15 cm. longus, ad basim anguste brevi-vaginans, 
caulini prorsi anguste vaginantes; involucellae bracteolae minutac filiformes; 
radii 4-8, adscendentes, 1.5 5 cm. longi, inaequales graeiles puberuli; pedi- 
eelli filiformes, 6-15 mm. longi; umbellularum flores 8-15 lutei; fructus 
oblongo-ovatus, 6-7 mm. longus, 3 4 mm. latus, glaber, alis quam eorpore 
dimidio augustioribus; vittae in intervallis dorsalibus solitariae, in laterali- 
bus 2, in commissura 4. 

Plants slender, caulescent, alternately branched, 2.5-5 dm. high, from an 
elongated and often tuberous taproot, crispcd-pubcrulent througiiout; leaves 
oblong in general outline, excluding the petiole 5-15 cm. long, 3-5 cm. broad, 
bipinnate or partially tripinnate, the ultimate divisions linear, acute or 
obtuse, 0.2-3 cm. long, 0.5-2 mm. broad, puberulent; petiole 5-15 cm. long, 
narrowly short-sheathing at base, those of the cauline leaves narrowly and 
wholly sheathing; involucel of minute, filiform bractlets; rays 4-8, ascend¬ 
ing, 1.5-5 cm. long, unequal, slender, puberulent; pedicels filiform, 6-15 mm. 
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long, the umbellets 8-15 flowered; flowers yellow; fruit oblong-ovate, 6-7 
mm. long, 3-4 mm. broad, glabrous, the wings one-half the width of the body; 
oil tubes solitary in the dorsal intervals, 2 in the lateral, 4 on the commissure. 

Type: Constance, Eollins d Dillon 1573, grassy dry soil, near Deep Creek, 
Snake River Canyon, Wallowa County, Oregon, alt. 1000 feet, May 15, 1936 
(ITC, type; distributed to other herbaria as Cogswellia ambigua (Nutt.) 
Jones). 

Specimens examined: Idaho: Stony soils in wheat-farming area 7 miles 
north of Waha, Nez Perce County, April 25, 1940, J. H. Christ 10,877 
(CHRIST, ITC) ; on rolling hills 2 miles west of Webb, Nez Perce County, 
April 25, 1940, J. 11. Christ 10,889 (CHRIST, UC) ; on rocky hillside, Slate 
Creek, Salmon River Canyon, Idaho County, May 16, 1937, J. H. Christ d' 
W. W. Ward 7300 (CHRIST, ITC), May 21, 1939, J. II. Christ s. n. (UC). 
Oregon: Basalt outcroppings on hills above the Snake River in the Snake 
River Canyon, Upper Sonoran Zone, Wallowa County, May 15, 1936, F. G. 
Meyer 231 (MEYER). 

This species adds to the growing list of plants believed to be endemic to 
the drainage area of the Snake and Salmon rivers. Lomatium Rollinsii super¬ 
ficially resembles L. ambignum (Nutt.) Coult. & Rose, chiefly because of the 
mode of branching combined with the color of the flowers. The two are very 
probably related, but the newly detected species differs from L. ambignum 
in being puberulent instead of glabrous, having pinnately instead of ternate- 
pinnatelv divided leaves and ovate-oblong rather than oblong fruit. The 
species is named for Dr. Reed C. Rollins, of Stanford University, who ac¬ 
companied the junior author upon several noteworthy botanical investiga¬ 
tions of the Snake River Canyon. 

The following abbreviations for herbaria are used in this paper: Cray 
Herbarium, Harvard University (GH) ; Intermountain Herbarium, Utah 
State Agricultural College (IM); Missouri Botanical Garden (MB); 
Herbarium, University of Minnesota (MINN) ; University of California Her¬ 
barium, Berkeley (UC) ; Herbarium, University of Idaho, Southern Branch, 
Pocatello (UIs). 

Department of Botany, University of California 
Berkeley, California 
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NOMENCLATURAL CHANGES IN THE GENUS CUSCUTA, 
AND NOTES ON SOME AMERICAN SPECIES 

T. G. Yuncker 

In volume 18 of tlie Memoirs of the Torrey Botanical Club, I published 
iu 1932 a eomprehensive review of all of the speeies of Cuscuta then known. 
Since the appearance of this paper I have examined a large number of 
additional specimens, some of which have proved to be new speeies. These 
have been published from time to time. Several errors, some involving rules 
of nomenclature, have also been discovered in the above-mentioned paper. 
Corrections of these errors together with the presentation of additional 
notes which have accumulated on a number of speeies are given in the 
following discussion. 

(Vsitta 11 ak peri Small, Flora S. E. V. S. ed. 2, 1361, 1913. This is 
one of the smallest and most inconspicuous of our American species, with 
flowers mostly 1 mm. or less long. It appears to enjo\ a very local distri¬ 
bution limited to a few counties in tin* states of Georgia and Alabama. It was 
collected iu Washington County, Georgia, between Peacocks and Harrison, 
July 20, 1906, by R M. Harper, and also 3 miles north of Harrison in the 
same county, June 10, 1938, b\ J. II. P\ rou and R McYaugh (3102). Harper 
recognized the specimen he had found as probably new to science and re¬ 
ported it in his paper entitled “Some hitherto undescribed outcrops of 
Altemaha grit and their vegetation” in Torreya for December 1906. In 
Alabama it had been found at DeSoto Falls, Lookout Mountain, July 1898, 
by Albert Ruth ( /7.7) ; in the vicinity of Gadsen, Etowah County, July 29, 
1900, by Pollard and Maxon (.7//); and iu a rocky glade on the west side 
of Short Creek on Sand Mountain about 5 miles northeast of Boaz, Marshall 
County, August 29, 1933, by R. M. Harper (3107). 

In each of the above specimens the host, when indentifiable, is Chonriru- 
phora vinjata (Nutt.) Greene, with the exception of Harper’s 3107 which 
is on HvhautUus Unujtf01 nts Pursh and Lachuarta mieroccphnht Small. The 
host as indicated on the label for Pollard and Maxon’s 311 was C homlrophoru 
nutlafu (Miehx.) Britton. In commenting on this host, however, R. M. 
Harper in a recent communication states “They were certainly in error 
in (*alling the host plant C homlrophoru nmlatu for that species is not known 
outside of the coastal plain.” 

The typo specimen for this species, as indicated by Small on page 137 o 
of his Flora, is the one collected by Harper in Washington County, Georgia, 
July 20, 1906. There are two sheets of this collection in the New York 
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Botanical Garden herbarium, one of which has been selected to represent 
the type. In error, 1 formerly listed Harper’s 117 as the type collection. 

Ouscuta paucilplora Philippi, Linnaea 33: 185. 1864. C. pusilla 
Philippi ex Yuncker, Mem. Torre.v Club 18: 151. 1932. 

At the time the description of C. pusilla was published no authentic 
material of C. panel flora had been seen, but from Philippi’s original descrip¬ 
tion it was decided that C. panviflora was probably the same as C. micrantlui 
Choisy, w r ith which species it was questionably allied as a synonym. More 
recently, I. M. Johnston has loaned from Gray Herbarium a fragment of 
what is presumably the type of C. pauciflora which was collected by Philippi 
on Myrins nummularia at Annul, Chile, January 1858. This specimen is 
very fragmentary, but after carefully comparing it w ith the specimen upon 
which the description of C. pusilla w r as based, collected also by Philippi 
somewhat farther north at Valdivia, it now 7 appears evident that they are 
the same. 

C. paneiflora is distinguished w T itli some difficulty from C. microntha 
Choisy, another Chilean species which commonly occurs on low herbaceous 
hosts. The flowers of both are small, measuring about 1.5 mm. from the base 
up to the corolla sinuses. C. panel flora, however, appears to have much longer 
pedicels, proportionately longer corolla Jobes, more campanulate corollas, 
and more globose ovaries. On the basis of the specimens which have been 
examined C. micrantha also appears to have a more northern distribution. 

Cusuuta in decor a Choisy, Mem. Soe. Plus. Hist. Nat. Geneve 9: 278. 
pL 3. f. 3. 1841. C. hispidula Engelmann, Am. Jour. Sci. 45: 75. 1843. 
C. ncuropctala Engelmann, Am. Jour. Sci. 45: 75. 1843. (\ iu uropctala 

Engelmann var. littoral is Engelmann, Bost. Jour. Nat. Hist. 5: 223. 1845. 
C. pulehcrrima Seheele, Linnaea 21: 750. 1848. C. decora Englemann, 
Trans. Acad. St. Louis 1: 501. 1859. C. decora Engelmann var. mdecora 
(Choisy) Engelmann, Trans. Acad. St. Louis 1: 502. 1859. C. decora Engel¬ 
mann var. pulehcrrima (Seheele) Engelmann, Trans. Acad. St. Louis 1: 
502. 1859. C. indecora Choisy var. neuropelala (Engelmann) Hitchcock, 
Contrib. U. S. Nat. Herb. 3: 549. 1896. 

At the time Engelmann monographed the genus Cuscuta (Trans. Acad. 
St. Louis, 1859) he replaced Choisy’s earlier epithet indecora w T itli his decora 
which he considered as being more appropriate, and at the same time dis¬ 
tinguished four varieties. His variety indecora , which w r as the typical 
variety and the same as Choisy’s species indecora , w r as characterized as 
having small flow’ers, short calyx lobes, and long pedicels. Engelmann also 
included under this variety a form with very hispid-papillate flow’ers which 
he had formerly described with the specific name hispidula. 

His variety pulehcrrima was the same as C. neuropetala , previously 
described by him together with its variety littoralis , and also as Seheele’s 
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C. palchcrrima. This variety is characterized as having larger, smooth or 
nearly smoolli flowers, with proportionately larger calyx. If* this variety were 
to be maintained it should, according to the International Rules, retain the 
older epithet littoral is rather than the later palchcrrima . 

I have examined many specimens of C. indccora collected throughout the 
range of the species and have found the various characters which Englemann 
used to distinguish variety palchcrrima from variety ivdccora , or the typical 
variety, to be exceedingly variable. The size of the flowers, the length of the 
pedicels and the proportionate size of the calyx vary greatly, sometimes oven 
on the same specimen. Most of the flowers are more or less granulate because 
of the lenticular outer surface of the cells and occasional specimens are even 
papillate-hispid. There is, however, no observed constancy in the shape and 
degree of protrusion of the outer walls of the cells. In view of the incon¬ 
stancy of any of the characters used b\ Engelmann to distinguish the two 
varieties under discussion, I have come to the conclusion that it would be 
better not to attempt to maintain them as separate entities. 

Cuscuta Suksdorfii Yuncker, Mem. Torrev Club 18: 167. f. 41. 1932. 

This species was originally described from a specimen collected on Aster 
in Skamania County, Washington, in 1891 by Kuksdorff (lis? ). It was also 
found 10 miles southeast of Port Orford, Chita County, Oregon, in 191!) by 
M. E. Peck In 1934 L. C. Wheeler collected two specimens on 

Cal y pi rah am amhcllat am above GOOD feet in the Siskiyou Mts., Siskiyou 
Comity, California {3011; 3103). These two specimens differed from the 
species in certain characters and were described as new under the varietal 
epithet of sahpt(hccllata Yuncker (Bull. Torrev (flub 62: 512 1935). A 
specimen collected at Bluff Lake, at 7400 feet altitude, in the San Bernardino 
Mts., San Bernardino County, California, July 13, 1926, by P. A. Munz 
(1007H) has recently come to my attention. In this specimen the pedicels 
are exceptionally long and a number of the flowers were discovered which 
lacked infrastamineal scales, in a few flowers, however, two or three small 
lateral projections representing greatly reduced scales were observed along 
the filament attachment line. Otherwise this plant closely resembles those 
from the north. This specimen from southern California may possibly repre¬ 
sent a different variety. This can be determined, however, only upon the 
study of additional and more abundant material from this region. Plants 
of this species are inconspicuous and are to be sought at altitudes of 6000 
feet or more. 

Cuscuta nkva den sis Johnston, Proc. Calif. Acad. TV 12: 1133. 1924. 
C. V catch ii Brandegee var. apod a Yuncker, III. Biol. Monogr. 6: 159. 1921. 
C. salina Engelmann var. a pod a (Yuncker) Yuncker, Mem. Torrev Club 18: 
169. 1932. 
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Considerable trouble has been encountered in attempting to determine 
the correct taxonomic status of this species. 1 described it originally as a 
variety of C. Veatchii. Johnston later questioned its relationship to C. 
Veatchii and gave it the specific name of C. nevadensis. In 1932 1 further 
complicated the nomenclature by transferring it to varietal status under 
C. salina, to which some specimens of it bear considerable resemblance. In a 
specimen recently studied, matured seeds were discovered for the first time. 
In these seeds the embryo was found to be similar to those characteristic of 
C. denticulata and 0. Veatchii , in both of which species it exhibits an ab¬ 
ruptly enlarged ball-like end. This character, so far known to exist only in 
these three species, distinguishes it from C. salina which possesses the more 
slender embryo typical of most species of Cuscuta . It differs from C. Veatchii, 
with which it is most likely to be confused, by having larger flowers, mostly 
longer pedicels, proportionately longer calyx and corolla lobes, and larger 
anthers on short filaments. 1 now agree with Johnston in considering it 
sufficiently different to be considered as of specific rank. 

Cuscuta Gronovii Willdenow var. lati flora Engel maim, Trans. Acad. St. 
Louis 1: 508. 1859. C. Gronovii Willdenow var. Saururi (Engclmann) Mac¬ 
Millan, Metasp. Minn. 430. 1892. 

C. Gronovii is the commonest species of dodder occurring in the central 
and northeastern United States and Canada. It extends southward to the 
gulf states, and sparingly even to the West Indies, and westward nearly to 
the Rocky Mountains. It does not appear to be particular as to hosts although 
it occurs most commonly on species, either woody or herbaceous, which grow 
in low, moist areas. 

The specimen numbered H160 in Willdenow’s herbarium, taken as prob¬ 
ably representing the type, has flowers which are approximately 2 mm. long 
from the base up to the corolla sinuses. The calyx lobes are oval-ovate, over¬ 
lapping at the base and reaching to about the middle of the corolla tube 
which is campanulate with the sides subparallel above the center as viewed 
laterally. This is the variety most commonly found. The size of the flowers 
has been found to vary from a minimum of about 1 mm. up to 2.5 or even 
3 mm. in length from the base up to the corolla sinuses. In some specimens 
the throat of the corolla may be narrower than the tube at the middle 
because of the maturing fruit; and occasional specimens may, on the con¬ 
trary, exhibit somewhat funnel-form corollas. The shape of the corolla deter¬ 
mines itd position about the capsule which is commonly enveloped by the 
corolla when matured. 

In variety lati flora the flowers are usually smaller. The calyx lobes are 
more oblong-oval and less overlapping at the base, and they reach the corolla 
sinuses. The corolla tube is broadly campanulate with the throat wider than 
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the tube which tapers towards Ihe base. Because of its shape, the corolla is 
ordinarily borne at the base of the protruding, naked capsule when mature. 
In tills variety there is also a greater tendency to produce the inflorescence 
endogenously. The inflorescence is also commonly more branched than for 
the species in general and in occasional specimens a “witches’ broom” effect 
is produced which arouses the suspicion that there may be an unfavorable 
influence of the host upon the parasite. 

Engelmann’s varietal name lahflora is to be retained as valid under the 
International Hides. The variety occurs throughout the range of the species 
and aj)pears, as in the case of the typical variety, to show no host preferences. 

Ottschta umbrosa Hooker, FI. Bor. Am. 2: 78. 1840. (\ Gronovh 
Willdenow var. curia Engelmann, Trans. Acad. St. Louis 1: 508. 1859. 
C. lacfjalocarpa Rydberg, Bull. Torrey Club 28: 501. 1901. C. curia (Engel- 
nuinn) Rydberg, Bull. Torrey Club 40: 466. 1913. 

As has been pointed out by Engelmann, C umbrosa Hooker included 
specimens now recognized as belonging both to (\ (rronovn and to this 
speci(*s According to Seed ion 8, Article 52, of the International Rules, 
Hooker’s name must be retained for one of the segregated species. 

(Vscuta com pacta Jussieu var. kfimbriata Vuncker, 111. Biol. Monogr. 
6: 167. 1921. 

This variety, characterized by greatly reduced uifrastamineal scales, was 
known originally only from the type specimen collected by Fredholm in 
Duval County, Florida. Professor Delzie Demaree found the second known 
specimen of it near'Tillar in Desha County, Arkansas, October 24, 1936 
( 1WM). 

CoscrTA (iKANdiflora 11.B K , Nov. (leu. S]). PI. 3: 123. pi. 2/.V. 1818. 

This is one of the most widely distributed of the South American high¬ 
land species, ranging from Colombia to Chile and Argentina. It is easily 
recognized because of its large, attractive flowers which lack iufrastamiueal 
scales. There is considerable variation in the shape and length of the styles. 
Typically, the styles range up to about 1 mm. in length, are slightly flat¬ 
tened and taper gradually to a wider base. Occasional specimens, however, 
have the styles strongly flattened, and in one or two specimens examined one 
of the styles was found to be much longer than the other. A specimen col¬ 
lected by E. K. Balls in the Department of Cochabamba, Bolivia, at 11,000 
feet altitude, March 15, 1939 has both styles much shorter than any 

hitherto seen for this species. The contrast is sufficiently great to suggest 
recognition with formal or varietal status. Because of the variation already 
noted in the styles of this species, however, it is believed better not to 
describe it as new at present from the single specimen at hand. 
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Citscuta Flossdorfii Hieken, Darwiniana 1: 31. 1922. C. brcvisquamata 
Yuncker, Am. Jour. Bot. 9: 566. pi. 1, f. la-c. 1922. 

This distinctive Argentina species was described under the above two 
names almost simultaneously in 1922. As nearly as could be determined from 
the original description and without having seen the type, it was decided 
later that C. Flossdorfii was closely related to C. brcvisquamata and in 1932 
1 tentatively placed it as synonymous with that species. 

Recently, through the kindness of Dr. Arturo Burkart, director of the 
Institute de Botanica Darwinion, I have had an opportunity of examining 
the type of C. Flossdorfii and discover that it is identical with V. brevi - 
squamata. I also discover that the publication of V. Flossdorfii occurred a 
short time before that of C. brcvisquamata and, hence, has priority. 

The type of C. Flossdorfii , now in the herbarium of the Institute de 
Botanica Darwinion, was collected on Saturcia cuqcnioidcs by A. Flossdorf 
in the Province de La Rioja, Argentina, February, 1913. at 3000-4000 
meters altitude. A specimen collected by Schreiter (3057) in the Province 
of Tucuman has also been seen. 

Cuscuta japonica Choisy var. tiiyrkoidea Engelmann, Trans. Acad. St. 
Louis 1: 517. 1859. (\ formosana Ila.vata, Icon. Plant. Formos. 2: 124. pi. 
d(). 1912. (\ japonica Choisv var. formosana (Ilavata) Yuncker, Mem. 

Torrey (31 ub 18: 253. 1932. 

Engelmann gave the name of thrysoidca to variety a or Ihe typical 
variety of C. japonica. Later, Hayata gave a large-flowered specimen of C. 
japonica the name of C. formosana. In studying C. japonica , I concluded 
that Hayata’s plant differed from the typical form in certain features and 
decided that it should be retained as a variety. Part of the specimens listed 
by Engelmann as belonging to variety thyrsoidca also appeared to belong 
to the new variety as established. Thus, part of variety thyrsoidca , as recog¬ 
nized by Engelmann, remained representative of the typical variety or 
species and part became the variety which I listed as variety formosana. 
However, according to section 8, article 52, of the International Rules, 
Engelmann’s earlier name should be retained for the variety rather than 
Hayata’s later epithet. 

The following nomenclatural corrections are required, for the most part, 
under article 58 of the International Rules: 

Cuscuta australis R. Brown var. breviflora (Visiani) Yuncker, comb, 
nov. C. australis R. Brown var. Tinci (Insenga) Yuncker, Mem. Torrev 
Club 18: 126.1932. 

Cuscuta racemosa Martins var. minuta Choisy, Mem. Soc*. Phys. Hist. 
Nat. Geneve 9: 277. 1841. C . racemosa Martius var. miniata Engelmann, 
Trans. Acad. St. Louis 1: 505. 1859. 

Cuscuta reflexa Wallich var. brachystioma Engelmann, Trans. Acad. 
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St. Louis 1: 519. 1859. C. rcflcxa Wallich var. anguina (Edgeworth) 
Yuncker, Mem. Torrev Club 18: 260. 1932. 

Cuscuta capillaius Reichenbach, Icon. Lot. 5: 64. 1827. C. palacstina 
Boissier, Diagn. PI. Or. Nov. 1. 2 n : 86. 1849. 

Cuscuta papillaris Reichenbach var. syriana (Yuueker) Yuncker comb, 
nov. C. palacstina Boissier var. syriana Yuncker, Mem. Torrev Club 18: 
280. 1932. 

Cuscuta Epithymum Murray var. anoustata Engelmann, Trans. Aead. 
St. Louis 1: 463. 1859. C. Epithymum Murray var. alba (Presl) Trabut, 
Bull. Soe. Bot. France 53: xxxvii. 1907. 

Cuscuta plani flora Tenure var. subpapillosa (Trabut) Yu acker comb, 
nov. C. planiflora Tenore var. Godronh (DesMoulin) llouy, Flore de 
France 10: 359. 1908. 

Cuscuta appkomaiata Babington var. Webbii (Engelmaim) Yuncker 
comb. nov. (\ approxnnala Babington var. Episonchum (Webb & 
Bert helot) Yuncker. Mem. Torrev Club 18: 299. 1932 

In addition, errors have been detected in the form of citation of some 
names. These names are correctly cited as follows: Cuscuta cord of ana 
(Engelmann) Yuncker, comb. nov. ("a seal a It rachy calyx (Yuncker) 
Yuncker, comb. nov. Cuscula .rant hoc hortos Martins var. carinata 
(Yuncker) Yuncker, comb. nov. Cuscuta foctida II. B. K. var. pycnanlha 
(Bentham) Yuncker ('uscula corymbosa Ruiz & Pavon var. stylosa 
(Clioisy) Engelmann. (htscula potostna Schaffner apud Watson. Cuscuta 
potosma Schaffner var. ylobtfera Yuncker. (htscula saccharata (Engel- 
mann) Yuncker, comb, nov (htscula E pithy mum Murray var. august ts- 
sima (Engelmann) Yuncker, comb. nov. (htscula Halansav Boissier & 
Reutter ex Yuncker. Cuscuta Balansar Boissier & Reutter ex Yuncker var. 
socofrcnsis Yuncker, var. nov. Cuscuta approx nn at a Babington var. Icuco - 
sphacra (Boissier & Heldreieh) Yuncker, var. nov. 

1 wish to thank Dr. II. W. Riekett, bibliographer of the New York Botani¬ 
cal Garden, for assistance in checking and verifying nomenclatural data used 
in the preparation of this paper. 

DePattw University 
Greencastle, Indiana 
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DESCRIPTIONS OF TROPICAL RUSTS—V* 

George B. Cummins 

The Umlinales reported in this paper were collected, for the most part, 
by PauJ C. Standley of the Field Museum of Natural History, during his trip 
to Guatemala in 1940 and 1941. He obtained 5(52 specimens of rusts but only 
those of more than ordinary interest are reported here. A few collections 
made by Julian A. Steyermark and John R. Johnston are also included. All 
specimens are from Guatemala. The type specimens are deposited in the 
Arthur Herbarium, Purdue University Agricultural Experiment Station. 
Specimens collected by Standley are also in the Field Museum of Natural 
History. 

Aecidium talini Speg. On Talinum trianyulare (Jacq.) Willd., Dept. 
Santa Rosa: along the Avellana road south of Guazacapan, December (i, 
1940, Standley 79 197. 

A portion of this collection was sent to Dr. Juan C. Lindquist who kindly 
compared it with material from La Vina, Salta, Argentina, which had been 
named by Spegazzini. He found it to agree in all respects. The species has 
not been reported before from North America. 

Aecidium fuohkiae Jacks. & llolw. On Fuchsia numth flora Hems!., Dept. 
Ciiimaltenango : Las Calderas, June 21, 1941, Johnston 1912. 

A. fuehsiae has not been reported from North America previously and 
Johnston’s specimen does not show complete agreement. The peridia are 
somewhat paler than typical and the wall of the aeciospores is thinner. For 
the present, however, it seems advisable to report this collection as A . 
fuehsiae. 

Aecidium lycianthis Cummins, sp. nov. Pyemia non visis. Acciis hypo- 
phyllis subepidermalibus, in maculis irregularis flavidis usque ad 2 cm. longis 
aggregates, vel petiolicolis vel cauiicolis, breviter cupulatis vel bullatis, 
pallide flavidis, 150-1100 p diam., margine lacerato vel eroso; cellulis peridii 
oblongis vel oblongo-ellipsoideis, 14—16x211-32 p, pariete interiore verrucoso 
2 p cr., verrucis plus minusve elongatis, exteriore striato 3-3.5 p cr.; aecio- 
sporae ellipsoideae vel oblongae, 12-17 x 17-24 p ; membrana hyalina, 1.5-2 p 
cr., mimiteque verrucosa. 

On Lyeianthes cjnichensis (Coult. & D. Siu.) Bitter, I)e])t. Ciiimalte¬ 
nango: Las Calderas, November 5, 1940, Johnston J 70 S , June 21, 1941, 
Johnston 1877 (type) ; Dept. Quezaltenango : Aguas Amargas, on the west¬ 
ern slope of Volcan de Zunil, January 14, 1941, Standley 83365. 


i Journal Paper Number 27, of the Purdue University Agricultural Experiment 
Station. Contribution from the Department of Botany. The fourth article of this series 
was published in Bull, Torrcy Club 68: 467-472. 1941. 
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This rust is variable in habit. No hypertrophy is evident on the leaf blades 
but when the petioles and stems are infected there is some hypertrophy and 
distortion. In one specimen there are a few aecia on two flower buds, so it is 
not improbable that fruits may also be susceptible to infection. 

There has been no previous account of a rust on Lycia tithes. 

Aecidium dahliae-maxoni Cummins, sp. now Pycniis nullis. Aeciis hypo- 
phyllis, subepidermalibus, in greges 1-3 mm. diam. laxe aggregalis, sine 
maculis, 0.1 0.2 mm. diam., cupulatis, ]>alJide flavidis, marline recurvato; 
cellulis peridii firine conjunctis, oblonpris vel polyhedricis, 16-22 x 25-35 p, 
pariete interiore moderate verrucoso 2-2.5 p cr., exteriore minuteque 
punctato-striato 3 4 p cr.; aeciosporae late ellipsoideae vel globoideae, 
14-18; 17-20 p; membrana hyalina, 0.5-1 p cr., minuteque verruculosa. 

On Dahlia maxomt Saff., Dept, Ghimaltenango : Las Calderas, June 21, 
1941, Johnston 1S76. 

Microscopically this species is much like A. dahliae Syd. but it is entirely 
different macroseopically because of tin* loosely grouped aecia. There are 
frequently only four or five aecia in a group and seldom more than twelve, 
whereas the aecia are numerous and densely grouped in Sydow’s species. 
The absence of pvenia and the almost total absence of discoloration around 
the aecia provide additional differences. 

Anuiopsora lentipularis Mains On Paninnn annulinariae Trim, De])t. 
Ghimaltenango: along Rio (inoculate, southeast of Ghimaltenango, Decem¬ 
ber 14-23, 1940, Man (Uni SI 027. 

Previous collections of A. lenticnlans have all been on species of Lasiacis . 
Both uredia and telia are present in Standley’s collection and both agree too 
well with those of A l rut mil a ns to permit reference to either a new species 
or an\ other described species of Anqiopsora. A. lenticnlans has been col¬ 
lected in Guatemala on Lasiacis. 

Anuiopsora pallespens (Arth.) Mains. On Eitchlania mcjicana Sehrad., 
Guatemala City, Jardin Botanieo, May 1, 1941, Standley 92S61 . 

Telia are not present in this collection but the uredia and urediospores 
agree with those of -1. path sec ns, a species which had been collected pre¬ 
viously ouly on the genus Tnpsanun. On the basis of the relationship of the 
hosts one might expect that Euchlaena would also be susceptible to 
.4 tupo psora icae. 

Baeodkomus iiolwayi Arth. On Senecio ivarsccwiczti A. Br. & Bouche, 
Dept. Quezaltenango : region of Los Alonzo, mts. above San Juan Ostun- 
caleo, January 21, 1941, Standley SI 176. 

This specimen, which is only scantily infected, provides the first Guate¬ 
malan record for the species. It is known otherwise only from Nevada de 
Toluca, Mexico, where Ilolway collected it on Senecio cincrarioides in 1903. 

Buiiakia Mexican a Arth. On Croton draco Kehleeht., Dept. Jutiapa: 
between Jutiapa and Las Tunas, northwest of Jutiapa, November 4, 1940, 
Standley 76291; on Croton payaquensis Standi., Dept. Jutiapa: vicinity of 
Jutiapa, October 24-November 5, 1940, Standley 75225. 
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This rust, which is characterized by the apicallv thickened walls of the 
urediospores, has not been found previously in Guatemala or on either of 
the above cited hosts. B. mexicana is known from three Mexican collections on 
C. calvcsccns , C. ciliato-glandnlosa and an undetermined species. 

Cerotelittm fici (Cast.) Arth. On Morns htsign is Bur. f, Dept. Cm- 
maltenanuo: along Rio Guacalate, southeast of Cliimaltenango, December 
14-23, 1940, tit an die if 7 9987. 

There has been no previous record of a rust occurring on Monts in North 
America, although C. fici has been collected on Morns indica in the Orient 
and on related genera of hosts in the Americas. 

Chrysomyxa pyrolae (DC.) Rostr. On Pgrola secunda var. clatior 
Lange, Dept. Quezaltenango : Volcan Zunil, January 22, 1940, titeyermark 
31776. 

Since C. pyrolae has not before been found south of the mountains of 
New Mexico this collection is of more than ordinary interest from the stand¬ 
point of distribution. The collection was made at an elevation of 2500-3800 
meters. Mr. Standlev has informed me that Picea , the alternate host genus, is 
not present in Guatemala. 

Cumminsiella standleyana Cumin. On Bcrbcris fascicuhms (DC.), 
Dept. Hiieiiuetenango: Sierra de los Cuchumatanes, along road beyond La 
Pradera, km. 32, December 31, 1940, titandlcy 81803 , 81819a. 

Old aecia as well as uredia and telia are present on no. 81803 while aecia 
are present on no. 81819a, which was separated from no. 81819, Pnccrnia 
berbcridis-trifoliae Diet. & Holw. None of the aecia are in good condition 
for study but a tentative description is presented below. There is little doubt 
that the aecia belong with C. standleyana. 

Py'*nia epiphyllous, subepidermal, globoid to narrowly flask-shaped, 
115-135 p wide by 140-230 p long, reddish brown. Aecia hypophvllous, sub- 
epidermal, copulate, 150-200 p wide, in small groups on reddish, often some¬ 
what hypertrophied spots up to 7 mm. in diameter, the spots falling out to 
leave “shot-holes”; peridium brownish, the peridial cells ellipsoid or oblong 
in face-view, 15-20 x 21-30 p, the inner wall moderately rugose, 1.5 p (?) 
thick, the outer wall 3^ p, smooth (?); aeeiospores globoid or ellipsoid, 
14-19 x 18-23 p ; wall hyaline, 1 p thick, very finely verrucose. 

4 Gymnosporangittm speciosum Peck ?. On Jnniperus mcxicana Spreng., 
Dept. Hueiiuetenango: Sierra de los Cuchumatanes, along road beyond La 
Pradera, km. 32, December 31, 1940, titandlcy 81737. 

Positive identification of this material is not possible on the basis of 
available material. Stand ley’s note on the label is as follows: “Forming 
elongate swellings often as thick as a man’s arm.” Dr. Johnston, concerning 
what is probably the same rust, wrote (in lift.) as follows: “Inclosed here¬ 
with for your files is a photograph (see figure 11) of swellings on the 
branches of Jnniperus mexicana. These swellings reach a size of 3 ft. in 
length and 6 in. in diameter. ... In any ease 1 did not get the fungus as it is 
out of season. Supposedly these are similar to the swellings on Cupressus 
but due to a distinct Gymnosporangium. ” 
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By soaking the gall collected by Standley 1 was able to obtain a few 
teliospores as well as evidence that the telia are probably cristiform, as in 
G. speciosum. The 2-4-celled teliospores are longer than typical of the species, 
however, since Ihev measure 21-26 x 75-135 p. Only remnants of the pedicels 
were seen and the spores were in poor condition for study. There is a definite 
possibility that this rust is an undescribed species but no decision can be 
reached until freshly sporulating galls are available. 

Thus far the genus Gifmnosporamjium, is represented in Guatemala only 
by G. mcndissnn tun (Yowell on Citprcssus , G. yualnnaliamim Crowell 
(aerial stage only) on Amdanchuv and by the above rust on Junipcrus. 

Kuehneola guatemalensis Cummins, sp. nov. Pycniis non visis. Aeciis 
uredinoidibus confiuentibus in caulibus evolutis, gallas plus minusve 
globulosas us(|ue ad 3 cm. diam. efformantibus, superficie flavo-brunneis; 
aeciosporae late ellipsoideae, ellipsoideae vel obovoideae, 19-23 x 23-32 p: 
membrana 1—1 5 p cr., minuteque echinulata, ]>allide aurea; poris germ, 
obscuris. Urediis non visis; urediosporae in telia globoideae vel late el- 
lipsoideae, 19-25 - 23 27 p; membrana 1 p cr., pallide fiavida vel hyalina, 
minuteque echimdata; poris germ, obscuris. Teliis hypophvllis, sparsis, 
minutis, 0 1-0.2 mm. diam., plus minus pulverulent is, pallide flavis vel 
albidis; teliosporae catenulatae, ex cellulis 3 8 compositis, cellulis individuis 
cuboideis, oblongis \el plus minusxe cuneatis, ad apicem variabiliter Jobatis, 
18-24 p latis, 20-30 p altis; membrana 1-1.5 p cr., ad apicem 2.5 5 p cr., fore 
hyalina, levi; |)edicello hyalino. brevi. Statim germ. 

On Kuhns in< rckhcmiii Rydb., Dept. Guatemala: slojx*s of Volctin de 
Pacaya, between San Francisco Sales and the base of the active cone, Decem¬ 
ber 20, 1940, St and! <if 8070 L 

The teliospores of this species art 1 apically lobed as are those of K. arthuri 
(Svd.) Jacks. but differ in ha\ ing smaller cells borne in longer chains. There 
is no similarity in the aeciospores or urediospores of the two species. 

The d(*scri])tion of the aecia is based upon a single gall and may require 
revision, therefore, when future collections reveal possible variations. Aetna 
of K. avtlmri , xxhieh may similarly cause large galls, show rather wide 
variation in habit. 

Mainsia standleyi Cummins, sp. nov. (figs. 1, 2). Pycniis (fig. 1) amphi- 
genis, intraepidermalibus, lenticularibns, 100 180 p diam., eparapbysatis. 
Aeciis uredinoidibus amphigenis, maculis lenissime incrassulatis flavo-brun- 
ueis usque 8 mm. diam. occupantibus vel ad nervos lenissime incrassatos evo¬ 
lutis et greges elongates formantibus, subepidermalibus, 0.1-0.3 mm. diam. 
vel confiuentibus, Oavidis, pulxerulentis; paraphysibus nullis; aeciosporae 
(fig. 2) obovoideae vel ovoideae, 16-23> 24-33 p; membrana pallide fiavida 
vel fere hyalina 2p cr., ad apicem 5-12 p cr., moderate echinulata; poris 
germ, obscuris. Urediis aeciis conforinibus (vel nullis ?). Teliis hypophyllis, 
inter aecia sparsis, subepidermalibus, rotundatis, 0.1-0.3 mm. diam., pulvi- 
natis, flavo-brunneis; paraphysibus nullis; teliosporae (fig. 2) oblongae, 
oblongo-ellijisoideae vel ellipsoideae, ad apicem rotundatae, deorsum atteuu- 
atae, 13-19 x 28-45 p; membrana 1.5 p cr., ad apicem 2.5-3.5 p cr., pallide 
aureo-brunnea, levi; pedicello flavidulo vel hyalino, fragili, sporam aetiuante 
vel breviore. Statim germ. 
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Fig. 1. Monism siandlcyi, freehand, unstained section of a pyenium. Fig. 2. Aeciosporcs 
and teliospores of Monism standicyi. Fig. 3. Two of the peculiar lobate urediospores charac¬ 
teristic of Piholarta stondlryi. Fig. 4. Aeeiospores of Pilcoloria stondlryi; the Markings 
tend to be longitudinally arranged. Fig. 5. One teliospore of Puremia dcgenvr, a species pre¬ 
viously known only from the medial stage. Fig. 6. Two teliospores of Pvccinia dyschorisies . 
x 800. 
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On Rubus irasucnsis Liebm., Dept. Alta Verapaz: damp limestone 
forest along: the Peten highway between Campur and Socoyo, April 9, 1941, 
Standley 91711. 

Mainsia standley i differs From M. liolwayi Jacks, in the greater apical 
thickening of the aeeiospore wall and in the finer echinulation and from M. 
peruvianum Jacks, in having sharp round aculeae rather than longitudinally 
elongated markings. In addition, both M. liolwayi and M. peruvianum have 
teliospores with uniformly thin walls. 

1 was unable to decide the point definitely with this material but am 
inclined to believe that uredia may not be formed in this species. 

Piiakopsora vignae (Bros.) Arth. On Canavaiia vdlosa Bentli., Dept. 
Sacatep6quez : along Rio Ouaealate, on road between Antigua and Chimal- 
teuango, December* 23, 1940, Standley 31016; Dept. IIueiiuetenango : near 
crossing of Rio San Juan Ixtan, east of San Rafael Petzal, January 0, 1941, 
Standley 33033. On Phascolus macrolepis Pi]>er, Dept. Quezaltenango : 
region of Las Nubes, south of San Martin Chile Verde, January 16, 1941, 
Standley S360!) ; along old road between Finca Pirineos and Patzulin, Feb¬ 
ruary 9, 1941, Standley 36619. 

Telia, not recorded previously for this species, are present on no. 83032 
and may be described as follows: 

Telia hypophyllous, grouped about the uredia, blackish brown, sub- 
epidermal, crustose, 3-7 spores in thickness; teliospores variable, those in 
the outer layer oblong or less commonly cuboid, those in the inner layers 
cuboid or oblong, 6-12/ 13 23 p; lateral walls 1 p thick, golden or nearly 
hyaline, apical walls of the outermost spores 2-4 p thick, chestnut-brown, 
smooth. 

Iliratsuka (Bot. Mag. Tokyo 49: 786. 1935) considers that this rust 
should be placed in synonymy under Phakopsora pachyrhizi 8yd. Certainly 
they are similar but the teliospores described above are only about one half 
as large as those described by Sydow for P. pachyrhizi which, for the pres¬ 
ent, seems a valid reason for questioning such a treatment. Iliratsuka may 
be correct, but until telia are found on Yiyna , Phascolus , Eriosema , Dohchos 
and Teramnus and comparative studies made it is best to accept the possi¬ 
bility that more than a single species may be involved. 

Pileolaria standleyi Cummins, sp. now (figs. 3, 4). Pvcniis amphigenis, 
in maculis purpureis 1-6 nun. diam. dense aggregatis, subcuticularibus, 
hemisphaericis, 50-135 p diam. Aeciis uredinoidibus, subepidennalibus, 
hvpophyllis, inter pycnia aggregatis, vel in petiolis et ramis junioribus 
deformat is dense dispositis, confluent i bus, cinnamomeis, pulverulent is; 
aeciosporae (fig. 4) ovoideae, ellipsoideae vel oblongae, ad apicem rotundatae 
vel a))iculatae, 16-23 \ (27-) 30-35 (-37) p; membrana einnamomeo-bun- 
nea, 3p cr„ ad apicem 4-9 p, longitudinaliter verrucosa, verrucis cuboideis 
vel oblongis, frequenter confluentibus; poris germ, 2 vel 3, aequatorialibus. 
ITrediis amphigenis, subepidennalibus, sparsis, rotundatis, plus minusve 
pulverulentis, obscure brunneis; uredios])orae (fig. 3) formam variabiles, plus 
minusve obovoideae, in superiore parte plerumque lobatae, rarius rotundatae, 
19-26 x 28-38 p; membrana 2p cr. sed ad apicem et in lobis 5-9 p cr., cin- 
namomeo-brunnea, obscure longitudinaliter striata; poris germ. 2, aequa¬ 
torialibus. Teliis amphigenis vel plerumque epiphyllis, subepidennalibus, 
in maculis purpureis 1-3 mm. diam. sparsis vel circinatis, eastaneo-brunneis, 
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plus minusve puJverulentis; teliosporae diseoideae vel globoideae, 18-26p 
alta, 24-30p lata; meinbraiia 2.5-3 p cr. vel ad apicem usque ad 4p cr -> 
eastaneo-brunnea, obscure rugosa vel fere levibus; poro perm, apicali; 
pediceJJo hyalino, sporain aequante. 

On Pistacia mcxicana H.B.K., Dept. Baja Verapaz, rocky hills near 
and above Santa Rosa, in pine-oak forest, April 4, 1941, Standby 91090. 

Pileolaria pisiaciae Tai & Wei (P. clcmensme Cumin.), of the species 
which parasitize Pistacia , is closest to P. standleyi but it differs in having 
teliospores with longer pedicels and regularly fusiform-ellipsoid uredio- 
spores. 

Few uredia are present, the infection being mainly aecial, but the 
peculiar lobate urediospores were seen in sufficient numbers to indicate that 
they are characteristic of this species and not mere abnormalities. The only 
other rust having similarly shaped urediospores of which 1 have record is 
Knchnrolu harrisoniae (Svd.) Arth. & Cumin. 

No previous report has been made of a Pileolaria on Pistacia in the 
Americas. 

Prospodium conjunctum (Diet. & Holw.) Cumm. On Lippia myno- 
cephala S. & C., Dept. Quezaltenango : along Rio Samahi near Santa 
Maria de Jesus, January 25, 1941, Standby 84636. 

This species has been collected only twice previously, on L. prinylei 
from Oaxaca, Mexico. 

Puccinia alia Jacks. & Holw. On Raccharis trinerris (Lam.) Pers., Dept. 
Jala pa: vicinity of Jalapa, November 7-18, 1940, S fandlcy 77326. 

Since telia are not present in this collection identification cannot be 
positive. The aecia arise below the palisade layer and have sharply echiu- 
ulate aeciospores as in P . alia but the spines of both aeciospores and uredio- 
spores are slightly larger than typical. P. alia was described from Brazil 
on B. trinerris and has not been recorded previously for North America. 

Puctinia berberidis-trifoliae Diet. & Holw. On Berber is fascicular is 
(DO.), Dept. IIttehuetenanoo: Chemal, December 31, 1940, Johnston 
1690; Sierra de I os Cuchumatanes, along road beyond La Pradera, km. 32, 
December 31, 1940, Btandlcy 81819. 

This microcyclic species has been known previously from only the type 
collection made at liio Hondo, near Mexico City. 

Puccini a uonoclinii Seym. (fig. 7). On Piquvna standleyi Rob., Dept. 
Jittiapa: hills between Jutiapa and Plan de Urrutia, north of Jutiapa, 
October 28, 1940, Standby 75196. 

Although this rust is common on Aycratum, Conoclinium and Eupato- 
rimn I can find no record of its having been collected on Piquena. While 
differing slightly in that the teliospores tend to be narrower and commonly 
have the <pore of the lower cell depressed the similarity is still so great 
that the specimen is so named with confidence. 

Puccinia cuilapensis Cummins, sp. nov. (fig. 8). Pycniis et aeciis adlmc 
ignotis. Urediis amphigenis sed praecique hvpophyllis, rotundatis, 0.1-0.3 
mm. diam., flavidis, pulverulentis; urediosporae obovoideae vel late ellij)- 
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soideae, 17-20 > 20-25 p; membrana .1-1.5 p cr., flavidula vel pallide aurea, 
moderate eehinulata; poris jrerm. 2, aequatorialibus, obscuris. Teliis hypo- 
phyllis, rotnndatis, 0.2-0.4 mm. diam., atro-bnumeis, pulverulentis; telio- 
sporae ellipsoideae, 20-30 (-32) ^ 37-43 (-45) p, utrinque rotundatae, 
medio leniter eoustrictae; membrana castaneo-brunnea, 3-4 p cr., supra 
poros usijiie ad 8 p umbone pallidiore inerassata, moderate rugoso-ver- 
rueosa ; poro superiore apieali vel plus mimisve subapicali, iuferiore juxta 
septum sito; i>edicello hyalino, subpersistenti vel persistenti, plus mimisve 
sporam aequaute. 

On Salria yracilis Bentli., Dept. Quezaltenanuo : region of Azufral, 
northern slo]>e of Volean do Zunil, February 3, 1941, Standlcy H;~7 1 \; mts. 
above Zunil, lower slopes of Volean de Zunil, on road to Fuentes ({eor<*inas, 
February 3, 1941, Standlcy rtfiK'H). On Salvia mocinoi Benth., Dept. Santa 
Rosa: near Ouilapa, November 20-27, 1940, Standlcy 7<S 515 (type). On 
Salvia sp., Dept. Santa Rosa: near Cuilapa, November 23, 1940, Standlcy 
7SOOH. 

Only uredia are present on Salvia yvacihs but the spores agree <*] 1 
with those of the type. 

P. nnlapcnsis differs from other Salvia rusts having verrueose telio- 
spores because of its yellow uredia and nearly hyaline urediospores with 
strictly equatorial pores. The teliospores resemble those of P. fannacca Long’ 
but are somewhat longer and commonh have the ])ore of the upper cell 
placed slightly to one side of the apex. 

IVccinia deuener Mains & Holw (fig. 5). On Salvia mynanflia Epling, 
Dej)t. Quezaltenanuo* region of Las Nubes, south of San Martin Chile 
Verde, January 16, 1941, Standlcy KWH; vicinity of Fuentes (Jeorginas, 
slopes of Volean de Zunil, February 3, 1941, Standlcy HWai, 

P. dujenev has been known only in the uredial stage but no. 83914 has 
all spore stages present, although the aecia are too old for accurate de¬ 
scription. 

Pycnia amphigenous. Aecia amphigenous, in small groups, often on 
veins, peridial cells collapsed but a])parently mainly ellipsoid and about 
21-28 29-35 p, hyaline or pale yellowish, obscurely punctate; aeciospores 

ellipsoid, broadly ellipsoid or globoid, 17-23> 22-27 p, rarely larger; wall 
J5p thick, hyaline or yellowish, verrueose. l T redia and urediospores as 
described, the spores characterized by a single germpore somewhat above 
the hilum. Telia, hypophyllous, scattered, round, 0.1-0.3 mm. diam., pul- 
vinate, cinnamon-brown; teliospores ellipsoid or oblong-ellipsoid, (20-) 
23-26 ■ 36-43 (-46) p, rounded at both ends or somewhat narrowed below, 
moderately constricted at the septum; wall 1.5 p thick, light cinnamon- or 
golden-brown, smooth; the pore in upper cell apical, next the septum in 
lower (‘ell, each covered by a small conical or hemispherical, hyaline papilla 
3 p thick, the papilla disappearing at germination, which occurs without 
a rest period; pedicel about one-half as long as the spore or shorter, 
hyaline, rather fragile. 

Puccinia dyschoristes (himmins, sp. nov. (fig. 6). Pycniis et aeciis adliuc 
ignotis. Frediis sparsis, hypophyllis, rotnndatis, 0.3-0.5 mm. diam., cin- 
namomeis, puh T erulentis, epidermide rupta conspi<*ue; urediosporae glo- 
boideae, late ellipsoideae vel* obovoideae, 19-26 \ 24-27 p; membrana 2 p 
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cr., ciiimamomeo-br unnea, moderate eehinulata; poris germ. 2, aequatori- 
alibus. Teliis amphigenis, sparsis vel aggregatis, atro-brunneis, pulveru- 
lentis, plus minusve rotundatis, usque ad 1 nun. diain., epidermide rupta 
conspicue; teiiosporae ellipsoideae, utriuque rotundatae, ad septum non vel 
vix constrictae, 29-36 x 39-47 p; membrana 4-5 p cr., ad apiceni 5-8 p, atro- 
brunnea, moderate rugoso-reticulata; poro superiore aj)it*ali, inferiore prope 
septum vel medium loeuluni sito; pedieello persistenti, hyalino, s])orain 
a eq u ante vel longiore, deorsum rugoso. 

On Dyschoristc quadrangular is (Oerst.) Kuntze, Dept. Jutiapa: be¬ 
tween Jutiapa and Las Tunas, northwest of Jutiapa, November 4, 1940, 
Standlcy 76263. 

Pucrhiia dyschoristcs resembles P. ruclliac-bouryuci Diet. & llolw. in 
having eoarsely seulptured teliospores but differs because of the larger, 
thieker-walled spores. The length of the teliospores equals that of P. lonyiana 
but the width is greater and the wall both thicker and more coarsely sculp¬ 
tured. Accfdimn tracyanum Syd. occurs on Dyschoristc but there is no 
present evidence to indicate that it belongs with P. dyschoristcs , although 
the latter species is probably autoecious. 

The wall of the teliospores is a deep reddish brown and bilaminate but 
the lamination is inconspicuous because of the density of pigmentation. 
The inner wall is of uniform thickness, the slight thickening over the pores 
being due to the outer wall, which is only slightly lighter in color. Reticu- 
lation of the surface is rather irregular and not readily discernible. 

Puccinia fuirenae Cooke. On Fuircna incow pi da Nees., Dept. Huehue- 
tenanoo: near crossing of Rio San Juan Ixtan, east of San Rafael Petzal, 
January 9, 1941, Standlcy SJ96H. 

This appears to be the first collection of P. fuinuac from south of the 
United States. 

Puccinia in audita Jacks. & llolw. On Wcdcha aca nidcnisis II.B.K., 
Dept. Ohimaltenanuo: Las Calderas, December 16, 1940, Johnston 1 9JS; 
Fine,a La Alameda, near Chimaltenango, December 11- 22, 1940, Standlcy 
79966. On Wcdclia fdipcs Hemsh, De])t. Jalapa: vicinitv of Jalapa, Novem¬ 
ber 7-18, 1940, Standlcy 776,11. 

These are the first collections of P. inaudita on the genus Wcdcha. It lias 
previously been recorded only on Zcjrmcnia. 

Puccinia proba Jacks. & Howl. On Wcdclia fihpcs Hemsl., Dept. 
Rktaliluleu : vicinity of Ketalhuleu, February 17-March 1, 1941, Standlcy 
SH717. 

Species of Wcdclia have not been reported previously as hosts for P. 
proba. 

Puccinia repentina Jacks. & Holw. (fig. 9). On Arracacia bractcata 
0. & R., Dept. Santa Rosa : near Ouilapa, November 20-27, 1940. Standlcy 
77904. 

P. repentina Mas described on A. xanthoriza Bauer from Bolivia and 
has not been collected previously in North America. Jackson (Mycologia 23: 
489. 1931) described the apical wall of the urediospores as 7-10 p thick 
while in the Guatemalan specimen it is frequently as much as 15 p. The 



unoi 


CUMMINS: TROPICAL RUSTS 


77 



Fig. 7. Puccnua covoclitm ; teliospores from Pa/iicna slavdlcjfn Fig. 8. Teliospores of 
Phvcihhi cuil(ip< H.sts. Fig. 9 . Teliospores of Puccnua repent ma , a species previously known 
only from Sooth America. Fig. 10 . Urediospores and teliospores of Puccnua bpcyazziniana 
on Etc nUicrim thcra nidcrahs. This rust is new to North Ameiiea. \ 800. Fig. 11. Photograph 
of a tree of Jiuufurus mtjncana near Cliemai. The galls are probably formed by a species of 
(rijnnioxporanfjtum similar to or identical with G. .\pccwsum. (Photo by Johnston, Dec. 31, 

mo.) 
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teliospores may be verrucose, rugose or irregularly reticulate and are vari¬ 
able in size and shape and in the density of pigmentation. P. arracachae 
Lagerh. & Lindr. is also known to occur on this host in Guatemala. 

Puccinia semota Jacks. & IIolw. On Hymenostephinm cor datum (H. & 
A.) Blake, Dept. Ciiimaltenango: region of Los Positos, above Las Calderas, 
December 16,1940, Standley 80227, 80257. 

P. semota is known otherwise only from the type specimen on Gymno- 
lomia subflejcnosa, collected by Ilolway at Solola, Guatemala. 

Puccinia spEOAzziNiANA De T. (fig. 10). On ElcuthcraulUcra rude nil is 
(Sw.) Sell. Bip., Dept. Santa Rosa: along road southeast of Barberena, 
November 21, 1940, Standley 77789. 

This rust has not been recorded previously from North America nor 
has it been reported on Eleuthcranthcra. However, 1 have compared it with 
a specimen collected on Aspilia montevidensis in Argentina by Spegazzim 
and can find no substantial difference. The urediospores are characteristi¬ 
cally oblate-spheroid with a thin, cinnamon-brown wall and 3 or 4 equa¬ 
torial or slightly subequatorial pores. The teliospores (fig. 10) are light 
chestnut- or deep golden-brown and measure 23-29 * 41-60 p. 

Puccinia kubaqitila Jacks. & IIolw. On Wcdelia acapulccnsts Il.B.K., 
Dept. Jutiapa: vicinity of Jutiapa, October 24-November 5, 1940, Standtn / 
75205. 

This South American species has not been recorded previously from 
North America. Identification can be only tentative since teliospores are 
not present in this collection. The urediospores correspond, however, to 
those in Holway’s South American material. 

Ravenelia mere Cummins, sp. nov. Pvcniis hypophyllis, hemisphaerico- 
conicis, 80-130 p diam., subcuticularibus. Teliis amphigenis vel praecique 
epiphyllis, 0.5-3 mm. diam., atro-brunneis, subepidermalibus; ca])itulis 
teliosporarum convexis, atro-brunneis, levibus, 50-85 (-100) p diam., (»x 
s])oris 4-8 in omni directione eompositis; sporis individuis unicellularibus, 
10-15 p diam.; membrana Ip cr. flavida, ad apicem 4-6 p cr. obscure 
castaneo-brunnea; cystidiis eodem numero quo eel lulls marginalibus, capitu- 
lis adpressis, in aqua intumescentibus et ruptis; pedicello hyalino vel flavido, 
125-200 p longo sed deciduo, ex hyphis numerosis composito. 

On Lonchocarpns michelianus Pittier, Dept. Jutiapa : vicinity of Jutiapa, 
October 24-November 5, 1940, St am die y 75109 (type). On Lonchocarpns 
rug os us Bentii., Dept. Retalhulicu : San Felipe, January 13, 1917, E. B r . J). 
Ilolway 706. 

The host of the Ilolway specimen was originally supposed to be Hrogni - 
artia sp. and the rust was reported by Arthur (Am. Jour. Bot. 5: 427. 1918) 
as Ravcnelja sintilis (Long) Arth. Mr. Standley recently examined the host 
and found it to be Lonchocarpns rngosus. 

There are two other species of Ravenelia on Lonchocarpns which may 
be mierocyclic. One, apparently undescribed, was collected in Brazil and wiil 
probably be described by A. P. Viegas. It differs in habit and in having 
individual spores 22-29 p in diameter. The other is R. lonchocarpicola Speg., 
described in 1925 (Revista Argent. Bot. 1: 131) on L. nitidns in Argentina. 
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Through the courtesy of Dr. Lindquist I have seen this species. The telio- 
spore-heads are slightly smaller and the individual cells 19-26 p in diameter. 
The species are probably closely related. 

Uredo colubrinae Cummins, sp. nov. Ilrcdiis hypopliyllis, laxe apprepatis 
vel plus minusve aequaliter sparsis, rotundatis, 125-175 p diam., pustulatis, 
subepidermalibus, din tectis. fiavidis; paraphysibus ])eripherales hyplioideis, 
incurvatis, ineonspicuis, in feme conjunctis; urediosporae ellipsoideae vel 
obovatae, 12 17 - 18-26 p; membrana 1 p cr. hvalina vel pallide flavidula, 
subtilissime echinulata ; poris perm, obscuris, verisimiliter 4, aequatorialibus. 

On Colubnna fcrntymosa Hronpn., Dept. Qukzaltenango : below Co- 
lomba, on road toward Asintal, Feb. 20, 1941, Standlcy 

When telia are discovered this species and Uredo rcissckiac Syd. may 
prove to be closely related. 

Credo krytiirinae P. llenn. On En/thnna bcrtcroana Urban, Dept. 
Ciiim altenanoo : region of Los Positos, above Las Calderas, December 16, 
1940, Standlcy SOlol ; Dej>t. Quezaltenanoo : near Rio Kamala, alonp road 
between Zunil and (Mantel, January 18, 1941, Standlcy D(»pt. Retal- 

iriJEEU: vicinity of Retalhuleu, February 17-March 1, 1941, Standlcy 

OripinaJIv described from the Conpo and known to occur also in Ceylon 
and the Philippines, U. crylhrinat has been reported for the Americas only 
from Ecuador where Xydow collected it in 1927 on Erythnna sp. 

Credo eicina duel. On Ficus mrohita (Liebm.) Miq., Dept. Santa Rosa: 
plains north of Los Cerrilos, on road between Chiquimulilla and El 
Ahumado, December 7, 1940, Standlcy 

Un do ficina has received varied treatment. Arthur (N. Am Flora 7: 102. 
1907) ])laced it in the penus Physopctla but later (/. c. p. 696. 1925) included 
it in synonymy under Ccroft limn fici. Svdow (Monopr. Cred. 3: 417. 1915) 
listed the species as Physopctla fin , although he did not accord Physopctla, 
full peneric rank, and pointed out differences between it and Kuchncola fici 
(Vcrotclimn fin). 

Uredo ficina differs from C. fin in havinp larper, more strouply eehinulate 
urediospores and larpe, branched paraphyses. These differences are obvious 
and constant and until telia are found for U. ficina confusion can be avoided 
by citinp it under the form-penus Undo. 

Uredo machaeriicola Cummins, sp. nov. Crediis praeeique hypophyllis, 
rotundatis, 0.15 0.2 mm. diam., cinnamomeo-brunneis, sparsis vel laxe appre- 
patis; paraphysibus peripherals numerosis, incurvatis, cylindraceis, ad 
apicem acuminatis vel rotundatis, 4—7 \ 40-75 p; membrana 1.5-2 p cr., 
hyaliua vel flavidula; urediosporae late ellipsoideae vel obovoideae, 12-15 x 
14-18 p; membrana flavo-brunnea, minuteque echinulata, l-1.5p or.; poris 
perm, obscuris. 

On Machacrnun biovnlatmn Micheli, Dept. Retalhuleu: vicinity of 
Retalhuleu, February 17-March 1,1941, Standlcy S8557. 

This species differs from U. machacrii Diet, in havinp abundant para¬ 
physes and in beinp foliicolous without causinp hypertrophy or distortion. 
Its spores are of approximately the same size. U. pnsilla Kern, Thurston & 
Whetzel, while havinp paraphyses, differs by reason of its larpe spores. 
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ITredo mueiilenbeckiae Jacks. & IIolw. On Muehlenbeckia tamnifolia 
(H.B.K.) Meissn., Dept. Quezaltenango : lower north slopes of Volcan de 
Santa Maria, above Palojunoj, January 15, 1941, Standley 83551 ; mts. 
south<‘ast of Palestina, on old road to San Juan Ostuncalco, January 21, 
1941, Standley 81321. 

U. mueiilenbeckiae is a new species for North America, having been re¬ 
corded previously only from Ecuador and Bolivia. 

Uredo obnixa Cummins, sp. nov. ITredia hypophvlla, sparsa, ovoidea 
vel liuearibus, 0.4-1.0 mm. longa, bullata, epiderinide tecta, Jongitudinaliter 
dehiscentibus, cinnamomea ; urediosporae obovoideae vel ellipsoideae, 17-25 ^ 
25-59 p ; membrana 2 p cr., cinnamomeo-brunnea, moderate echinulata; poris 
germ. 2, valde superaequatorialibus. 

On Cyperus melanostachyus H.B.K., Dept. Huehuetenango : about 
Lacuna de Ocubila, east of Huehuetenango, January 7, 1941, Standby 
82692. 

Among the Cyperns rusts which have superequatorial pores P. obvaluta 
Jacks. & Holw. is most like Uredo obnixa , but it has smaller uredia, slightly 
smaller and paler urediospores and pores situated nearer the equator. The 
spores ol' U. obnixa are also more strongly fiattcued and thicker-walled on 
the pore-bearing sides. Discovery of telia would readily decide the possible 
relationship with P. obvoluta since it has characteristic telia with stromatie 
paraphyses and nearly colorless teliospores with brown pedicels. 

Uredo quichensis Chimin ins, sp. nov. Uredia epiphvlla, subcutieularia, 
sparsa, rotundata, 0.1-0.2 mm. diam., flavo-brunnea; paraphysibus copiosis, 
capitatis, 10-16 \ 40-65 p, membrana 1 p cr., hyalina vel ad apicem 1.5 -2 p 
cr. et aureo-brunnea; urediosporae elli])soideae vel oblongo-ellipsoideae, 
16-19 x 25-30 p; membrana 1.5-2 p cr. vei ad apicem et basim usque ad 3 p 
cr., cinnamomeo-brunnea, dense echinulato-verrucosa; poris germ. 8-10 
bizonatis instruct is. 

On Calliandra conzaltiana (B. & K.), Dept. El Quiche, oak forest along 
road to Aguacatan, near the boundary of Dept. Huehuetenango, December 
27, 1940, Standley 81293. 

Uredo quichensis differs from RaveneUa bizonata Arth. & Holw. in having 
paraphyses with a thin apical wall and larger, uniformly and more coarsely 
sculptured urediospores whose wall is thicker. The species undoubtedly will 
prove to be a Ravenclia. 

Uromyces calopogonii Cummins, sp. nov. ITredia subepidermalia, hypo- 
phvlla. pulverulenta, cinnamomeo-brunnea, rotundata, 0.2-0.5 mm. diam.; 
uredios])orae globoideae vel late ellipsoideae, 15-17 x 16-19 p; membrana 
1-1.5 p cr., minuteque echinulata, pallide cinnamomeo-brunnea; poris germ. 
4, aequatorialibus. Telia uredia conformibus sed castaneo-brunnea; telio- 
sporae late ellipsoideae, ovoideae vel obovoideae, utrinque rotundatae vel 
deorsum* plus minusve attenuatae, 13-16 x 16-19 p; membrana pallide 
castaneo-brunnea, minute(jue verrucosa, 1.5-2 p cr., ad apicem 2.5-3 p cr.; 
pedicello hyalino, brevi, fragili. 

On Calopogonium qalactioides (H.B.K.) Benth., Dept. Chimaltenango: 
Finca La Alameda, near Chimaltenango, October 26, 1936, Johnston 165; 
December 11-22, 1940, Standley 79808 (type) ; between Chimaltenango and 
San Martin Jilotepeque, December 22, 1940, Standley 80947. 
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Calopoyonium lias not been reported previously as a host for species of 
the Uredinales. U. valopoponii is notable for its small urediospores and 
teliospores. 

Uromycen scleriae P. llenn. On Sclcria brad rata Caw, Dept. Alta 
VerapaZ: Finca Samae, northwest of Coban, March 23, 1941, Stamllvp 
s <)7oo. 

This species, originally described from South America, has not been re¬ 
corded previously for Central America. Both uredia and telia are present, 
the urediospores characteristic because of the apicall.v thickened wall. 

Uropyxis diphysae (Artli ) Cummins, comb, now (Calhoxpora diphifsav 
Arth., Bot. (iaz. 39: 391. 1905.) On Diphysa Moribund a Pevr., Dept. 
Huehuetenanoo : near crossing of Rio San Juan Ixtan, east of San Rafael 
Petzal, January 9,1941, tftandlnj 

This species has apparently never been transferred to Urop\j.ns , although 
Calhoxpova is no longer recognized as a valid mentis. 

The Arthur Herbarium, Purdue University Agricultural Experi¬ 
ment Station 
Lafayette, Indiana 
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EXPERIMENTS IN THE GRAFTING OF SPECIES IN 
THE GENUS VIOLA 1 

John D. Dodd 2 and Alexander Gerkhoy* 

INTRODUCTION 

Cyto-taxonomical and hybridization studies of the genus Viola have been 
in progress at the Vermont Agricultural Experiment Station for a number 
of years. The norm of hybridization limits among the species in the various 
sections and sub-sections of this genus have been determined (Gershoy, 4). 
No intersectioaia! crosses have been consummated although hybrids between 
species representing the distinct subsections of the Nominium section have 
been grown to maturity. The present investigation represents an attempt to 
determine what relationship exists between the capacity for hybridization 
and the capacity for grafting in this genus. 

In order to test for a positive correlation it is necessary to demonstrate 
that grafting limits lie within the violet genus as represented by the speeies 
available for study. Evidence in the literature of graftage suggests that the 
limits an* not generally confined to so small a range as a genus: 

A. Mirov (8), in a recent paper, described experiments in which he 
found no difficulty in grafting various species of pine. 

B. Intel-generic grafts in many families, particularly in the tfolanaceac, 
have been an object of study by numerous workers, many of them interested 
in chiiuaeras. Jones (3) Jias discussed the work of Winkler, Baur, and others 
in this respect. 

(\ Daniel (3), in a review of the literature and in a discussion of his 
own work, had earlier shown that graft combinations are possible between 
unlike species of‘plants separated, in some cases, by greater than generic 
differences. 

A general statement of the problem may perhaps be reduced somewhat 
to the following query: does a relationship exist between, on the one hand, 
the ability of two different protoplasms to survive in the close juxtaposition 
of 1 issue's such as is afforded in a graft union and, on the other hand, the 
capacity of these unlike protoplasms to achieve a successful fusion of 
gamete's? 

Tn regard to the problem of grafting limits it should be emphasized here 

1 Published with the approval of the Director of the Vermont Agricultural Experiment 
Station. 

2 Department of Botany, Columbia University; formerly assistant in research at the 
Vermont Agricultural Experiment Station. 

a Assistant botanist at the Vermont Agricultural Experiment Station. 
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that the violet genus as recognized by Engler and Prantl (1) covers a very 
wide range of morphological types. It is not considered improbable, there¬ 
fore, that intrageneric limits might exist. So far as the authors are aware a 
study of experimental graftage lias not been made in the violet genus. 

EXPERIMENTAL PROCEDURE 

Practical considerations limited the experimental program to the deter¬ 
mination of a fair sample of the reciprocal grafting combinations that arc 
possible with available species. Five species were chosen for use as being 
representative of the wide morphological, anatomical, and physiological dif¬ 
ferences existing among the north temperature members of the genus. 

DESCRIPTION OF SPECIES TYPES USED 4 
Section Mclannnn: V. tricolor A*ar. florairensis (?) or 

var. lutea of horticultural origin (?). 

This species is potentially biennial but often behaves as an annual. The 
axes of first and second order are erect and flowering. Flowering is con¬ 
tinuous throughout the season. Except in the basal nodes of older stems the 
proportion of parenchymatous tissue is high and mechanical tissue seems to 
be limited to the xvlem elements in the separate vascular bundles. The pith 
cells are ruptured by stem enlargement, resulting in hollow stems. 

Section Chamacmclaninm: V. canadensis L. 

This is a perennial species. The primary axes form short, thick, fleshy 
rootstocks which are transversely geotropic. Secondary axes an* erect and 
flowering. Each aerial shoot is herbaceous and exhibits rapid growth of com¬ 
paratively short duration. Leaf- and flower-size diminish markedly as meri- 
stem activity dwindles. Mechanical tissue is limited to the xvlem elements in 
the separate bundles and the proportion of parenchymatous tissue is high. 
Usually the pith cells are not enlarged beyond elasticity limits as judged by 
a lack of schizogenous areas. They are capable of some regenerative activity. 

Section Nomininm , subsection Rostellaiae: V. striata Ait. 

The basal portions of axes of first and second order become erect or in¬ 
clined woody rootstocks of at least biennial duration. Flowering axes are 
erect or inclined. They are herbaceous and have an intact pith. There is a 
layer of presumably perievclic fibers which serves to isolate the phloem 
tissue of each bundle from the parenchyma celjs of both the cortex and the 
medullary rays. New leaves and flowers are developed throughout the season. 

Section Nomininm , subsection Uncinatae: V . odorata L. 

Primary axes are quite short, erect and at least of biennial duration. In 

4 The taxonomical descriptions are adapted from Gerslioy (4). Certain anatomical 
and histological features are added by the authors in the present paper. 
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such axes the amounts of cortical and pith parenchyma are relatively small. 
Vascular tissue becomes a complete cylinder resulting in a high proportion 
of mechanical conducting cells. Lateral axes form short or long, leafy run¬ 
ners, potentially capable of rooting at any node. The anatomy of these 
runners is similar to that of the primary axes although there is not as much 
mechanical tissue present. A terminal rosette develops into a short, erect 
axis resembling the primary seedling axis. 

Section Noiiiinium, subsection Pluyiosligma: V. papilionacea Pursh. 

Primary axes are foreshortened into thick and fleshy rhizomes which 
form similar, secondary axes in the axils of the leaves. Continual branching 
and separation of branches results in clonal clusters. Leaves are long-petioled 
and have broad, cordate-ovate blades. Parenchymatous tissue is inclined to 
be mucilaginous in older plants, particularly in the rhizome. Flowers develop 
in the leaf axils of the seedling rhizomes first. 

The program of effecting reciprocal grafts among these five species was 
carried out during the summer growing seasons of 1939 and 1940. Since the 
north temperate species of violets grow very slowly and abnormally under 
warm greenhouse conditions in winter they are left in a dormant state. For 
this reason the study was limited to the months from May to September, i.e., 
between the times when the leafy branches were large enough to be used and 
when they became decadent in the fall. 

During these two summers several hundred grafting operations were 
performed in an attempt to develop technics which would permit successful 
grafting of species with such varied morphology as those selected for study. 
Many of these experimental grafts were unsuccessful. However, as will be 
indicated elsewhere in this paper, individually successful grafts encom¬ 
passed most of the planned intersectional combinations. 

It was tentatively planned to attempt each interspecific combination a 
definite number of times and then to compare the numbers of the successes 
of each combination, thus putting the results on a statistical basis which 
might permit a conclusion as to the degree of success of any given inter¬ 
specific combination. 

However, it is obvious from the following considerations that such data 
as were obtained do not lend themselves to worthwhile statistical analysis: 

1. Since a successful graft indicates that a given type combination is 
possible all of the unsuccessful attempts to obtain a like combination may be 
the result of faulty technic. 

2. The successful technics were developed by the trial and error method 
and varied markedly from each other. It has not been possible to enlarge the 
experimental program in orde.r to analyze statistically the variables involved 
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most closely in grafting 1 success. Some of these variables are mentioned 
briefly as follows: a, time of grafting; b, relative ages of tissues in contact; 
c, relative areas of tissues in contact; d, pressure of bindings and protection 
of the graft region. 

EXPERIMENTAL TECHNIC 

The actual grafting technics were varied for each combination of species. 
The reciprocals of each interspecific combination often differed from each 
other, in methods used as well as tissues placed in juxtaposition. In general, 
however, the methods used can be classified into two well known types: sleeve 
grafts and whip grafts. Approach grafts were tried and abandoned since 
they gave poorer results than simple whip grafts and could only be used for 
the same types of species combinations. Bud grafts would have involved the 
manipulation of extremely delicate tissue and were not considered practical 
under the experimental conditions. Bottle grafting, as described by Blakeslee 
and Farnham (2), is an interesting method which, unfortunately, escaped 
the authors’ attention until the present experiments were concluded. It will 
be tested later. 

Seedling grafts presented a definite obstacle to many of the desired grafts 
since such grafts would have required a union between the swollen and fleshy 
primary axes of such species as V. papilionacca and the slender, relatively 
unstrengthened axes of such species as V. tricolor. It is impossible, in such 
cases, to adequately match the areas of wound surfaces. However, the seed¬ 
lings of V. papilionaccn were easily grafted to mature stems of V. tricolor. 
The hollow stems of the latter species were split open lengthwise and laid 
flat against the cut surface of the fleshy rhizome of the former, thus com¬ 
pletely matching the cut surface. 

In order to maintain a degree of uniformity in methods it was decided 
to reserve the method of seedling grafts as a separate problem and to use it 
in the present investigation only as a last resort when experiments Avith ma¬ 
ture plants failed to yield a desired interspecific graft. 

Cuts for the graftage were made Avith a sharp, clean razor. The stock and 
scion were tied together with strips of moistened cellophane tape which Avas 
found to be easier to manipulate than raffia. Each graft was bound with a 
narrow strip of Parafilm which Avas Avrapped around the graft region in 
much the same manner as a tape bandage. The warmth of the fingers sufficed 
to form an adequate seal. This bandage was removed after about three Aveeks. 
A shade<frame was used during the first week but it was found that con¬ 
tinued close shading induced conditions fa\ T orable to mildew, particularly 
in grafts which involved V. tricolor , a species intolerant of shade. 

INTERPRETATION OF RESULTS 

At the beginning of this project it became obvious that the interpretation 
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of results would present a major problem. Fruit trees and ornamentals are 
grafted with a definite end in view whieh, if attained, indicates success in 
grafting. The present problem, however, did not lend itself to a single and 
immediately obvious criterion of grafting success and the selection of 
arbitrary tests which would define a fully successful graft became a central 
point in the interpretation of the results obtained. 

After candid consideration it was decided that a perfect graft could be 
defined as one which either possessed the following characteristics or gave 
indications that these characteristics would be obtained w r ere the graft car¬ 
ried into another grow ing season : 

1. The graft must form a tissue union in w T hich living cells of each mem¬ 
ber would be in immediate contact, that is, there should be no layer of ne¬ 
crotic* tissue left between the stock and scion. Vascular continuity should be 
established between the stock and scion in such a tissue 1 union. 

2. The root system of the stock and the shoot system of the scion should 
both continue vigorous growth. The scion should develop vegetative* parts of 
normal appearance from primordia which are laid denvn at some time after 
the grafting operation. It is necessary to make a careful distinction between 
continued growdh of new r primordia and the enlargement of parts in exis¬ 
tence previous to grafting. 

From a theoretical point of view it should be provem that the stock has 
utilized food material passed across the contact region by normal conduction 
mechanisms. The use of seedling stocks would provide a direct demonstra¬ 
tion of this since there would be comparatively little reserve food in the 
primary axis and there would be no secondary axes of stock origin which 
would serve to feed the root system. Unfortunately, the previously explained 
limitations to the use of seedling stocks have pre\ ented such a direct physio¬ 
logical criterion. 

Some indirect evidence has arisen that stock tissue has utilized scion 
foodstuffs. An example of this is the graft of V. odorutu on V. tricolor stock. 
In this graft only one of the vascular bundles in tin* stock formed vascular 
continuity with tin* scion. It enlarged, through cambial action, to such an 
extent that it became comparable, in size, to the stele of an entire* normal 
stem. Since all connection with the original stock shoot system had been 
severed it seems a. plausible explanation that scion foodstuffs wore utilized 
in this hyperplastic growth of the stock. 

3. Daniel’s (3) postulate that, in a successful graft, the scion should ma¬ 
ture fruit, seems to be a sound one. In order for fruiting to take place a graft 
union must form and the scion must continue growth. It should be empha¬ 
sized again, here, that buds of the scion in existence at the time of grafting 
may develop to some extent without the formation of a true union. In no such 
case, however, have the buds shown the beginnings of swollen ovaries. 
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The first two criteria of grafting success could be presupposed from data 
showing that the scion liad developed fruit from the primordia arising sub¬ 
sequent to graftage. Fruiting could, then, be used as a single criterion. How¬ 
ever, it has not always been possible to adopt this test in the present work 
because many of the developing grafts were cut short by the advent of ad¬ 
verse growing conditions, coincident with the beginning of the winter period 
of dormancy for violets. Thus, these grafts did not survive long enough to 
develop fruit. 

Attempts to overwinter some of the grafts, both on the original stock 
plants and as a form of cutting, met. with failure. The apparent success of a 
few overwintered grafts was shown to be due to the formation of roots by the 
scion species. 

From the preceding discussion it is evident that in the determination of 
its degree of success each attempted graft combination is to be treated 
separately. The attempted grafts are discussed individually under one of the 
following classifications: 

A. Successful grafts. 

B. Unsuccessful grafts. 

C. Special cases. 

I. Grafts involving V. canadensis as the scion. 

II. Grafts involving V. papilionacea as the stock. 

A. SUCCESSFUL GRAFTS 

1. V. papilionacea on V. tricolor stock (fig. 3). 

A seedling rhizome of the scion species was sliced diagonally so that the 
apex remained uninjured. The stock was decapitated and split open length¬ 
wise on one side at the tip of the stump. The inner surface of the hollow 
stump was pressed against the cut surface of the scion and the graft was 
bound in the manner previously described. 

A graft union formed and the scion developed several leaves to a normal 
size. No fruit was formed during the duration of this graft but the extreme 
vigor of growth of the scion warrants its being termed successful. Mature 
rhizomes of T r . papilionacea were tried with no success, the failure being per¬ 
haps due to the inhibiting action of the mucilaginous substance which exuded 
from cut surfaces and which prevented a direct cell-to-cell contact between 
the stock and scion. 

2. V. papilionacea on T 7 . canadensis stock. 

A seedling of the species used as the scion was prepared in the same 
manner as in the preceding graft. The stock was decapitated at the second 
node and a diagonal slice of such a length that the cut surface matched that 
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of the scion was made through the region of the node. The injured surfaces 
were placed together and the graft was bound. 

A graft union formed and the scion developed several new leaves. It was 
considered, also, to be a potentially successful graft although the growth 
was not quite as luxuriant as in the preceding case. 

3. V. odorata on V. tricolor stock (fig. fi). 

The stock was decapitated and split open at the second node. A portion of 
a runner of V. odorata with a developing rosette at the tip was used as the 
scion. The runner was partially decorticated for about an inch and the cut 
surface was fitted into the hollow portion of the split internode. The scion 
formed several new leaves and maintained a normal appearance. No flower 
buds were developed before the end of the growing season. A complex graft 
union formed in which a vascular bundle of the stock went through a period 
of hyperplastic enlargement. This enlargement has been discussed previously 
as evidence that the stock was able to utilize scion foodstuffs. 

4. V. striata on V. canadensis stock (fig. 1). 

The stock was decapitated at the second node and a diagonal slice, two 
inches long, was made up through the internode below to the node where the 
shoot was severed. A four-inch tip of a lateral flowering shoot of the scion 
parent was cut off at the nearest convenient node. A diagonal slice was made 
from this basal node to the node above. The graft was bound in the usual 
manner. 

The scion continued to develop new leaves of normal appearance 
throughout the summer and finally matured a small pod with one seed. This 
is a very small percentage of the normal seed number/’ 

5. V. odorata on T . canadensis stock (fig. 4). 

The stock was decapitated at the second node and sliced diagonally as in 
no. 4. A portion of a runner of V. odorata with a terminal rosette was used 
as the scion. This runner was sliced diagonally so that its cut surface matched 
that of the stock. 

A graft union formed and the scion continued normal growth. Two seed 
pods an ere matured during the rest of the season. There was one seed in each 
pod/ 

6. I 7 , striata on T. odorata stock (fig. 5). 

A three-inch tip of the scion plant was cut off at the nearest node and 
sliced diagonally. The terminal rosette of a runner of T T . odorata was cut off 

“* Mancli (8) recorded the normal seed number for several species of violets. The seed 
numbers of all pods formed by scions in the present experiments were small percentages 
of the normal number for the species used as scions. 
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and the runner was used as the stock in a typical whip graft A union formed 
and the scion continued to develop new leaves of normal size throughout the 
season. No fruit was matured and no flower buds were observed. 

Although V. odorata has formed several unions as a scion this is, so far, 
the only successful graft in which this species has served as a stock. 

7. T r . odorata on V. striata stock (fig. 2). 

A runner with terminal rosette was used as the scion. The stock was 
treated in the same manner as the stock in no. 5. The graft was a typical 
whip graft. 

A union formed and the scion continued normal growth. Two seed pods 
were matured towards the end of the season, each containing one seed. 

8. V. tricolor on V. canadensis stock. 

The stock was decapitated at the second node and its cortex was removed 
over a length of two inches and about two thirds of the circumference. A 
four-inch tip of a flowering shoot of V. tricolor was split lengthwise at its 
base and fitted as a sleeve around the stump of the stock. 

A graft union formed and slight vegetative growth occurred. Flower buds 
in evidence before the graft developed into flowers but did not develop fruit. 
However, V. tricolor does not self-pollinate readily by mechanical means 
although it is not self-sterile. This graft was regarded as being only moder¬ 
ately successful. 

B. UNSUCCESSFUL GRAFTS 

The grafts listed below were attempted several times, with varied tech¬ 
nics, without success. However, the number of attempts was not statistically 
large enough to warrant the generalization that grafting is not possible in 
these cases. Special technics for these combinations have not been devised 
as yet. 

1. V. tricolor on V. odorata stock. 

The reciprocal of this, however, was successful. 

2. V. papilionacea on V. striata stock. 

The reciprocals of grafts (2) and (3) are discussed under Special Oases, 
part 2. 

3. V. papilionacea on V. odorata stock. 

4. V. tricolor on V. striata stock. 

5. V. striata on V. tricolor stock. 

Explanation of figures 1-6 

Fig. 1. F. striata on Y. canadensis stock. Fig. 2. V. striata on Y. odorata stock. 
Fig. 3. r. papilionacea on V. tricolor stock. Fig. 4. V. odorata on V. striata stock. Fig. 
5. V. odorata on V. canadensis stock. Fig. 6. V. odorata on V. tricolor stock. 
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C. SPECIAL CASES 

Several of the grafts attempted could be classed neither as successes nor, 
definitely, as failures. Certain morphological characteristics of one of the 
species involved made it difficult to devise technics of grafting which would 
give satisfactory results from the point of view of the arbitrary criteria 
previously discussed. These questionable results are here grouped together. 

1. Grafts involving V. canadensis as the sciou. 

It has not as yet been possible to induce V. canadensis to continue growth 
as a scion, either as a self graft or with other species as the stocks. Mature 
branches form homoplastic graft unions readily and do not deteriorate 
prematurely. But even in such self grafts they do not continue to develop 
new parts. As has been pointed out previously the aerial branches of this 
species have a rapid growth-phase of short duration. The growth of these 
branches as scions in a graft as well as in the undisturbed shoot is highly 
determinate in the sense that meristem activity dwindles, which causes the 
size of leaves and flowers to fall off rapidly near the end of growth. Attempts 
have been made repeatedly to graft the shoots of V. canadensis in the grow¬ 
ing period. However, they are so tender that they wither quickly in spite 
of shade protection. It is considered possible that the technic of bottle graft¬ 
ing may contribute pertinent data to this problem since it might permit the 
use of immature branches by giving them an accessory supply of water until 
they establish vascular continuity with the stock. 

From the above discussion it is evident that only one and, on the whole, 
an unsatisfactory criterion of success could be used here, namely that of 
graft union formation by mature branches when used as scions. 

The three grafts listed below existed for a period of more than two 
months during which time no noticeable changes in the scion, other than a 
slight chlorosis, were recorded. 

V. canadensis on V. tricolor stock, a sleeve graft. 

V. canadensis on V. striata stock, a whip graft. 

V. canadensis on V. odorata stock, a whip graft. 

The remaining graft combination, involving V. canadensis as the scion, in 
which attempts were made to graft it on V. papilionacca stocks is discussed 
below under Special Cases, part 2. 

2. Grafts involving V. papilionacea as the stocky 

As explained above this species does not produce erect, aerial shoots or 
runners of Jong-continued growth which could be used easily as stocks. 
Attempts to use mature rhizomes were uniformly unsuccessful. The presence 
of large amounts of mucilage secreted by injured rhizomes has been sug¬ 
gested as inhibiting a direct cell-to-cell contact between stock and scion. 
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The leaf petioles of this species are long and sturdy enough to warrant 
their attempted use as stocks. The amount of mucilage secreted by injured 
petioles is comparatively small and in several instances graft unions formed 
when petioles were used as stocks. A few parenchymatous cells were observed 
to have been transformed into xylem elements but vascular continuity was 
not established between stock and scion. Moreover, the scions merely existed 
without change, none of them showing any indications of continued growth. 
These grafts are interesting, however, from the point of view of the prolifera¬ 
tion of cells which occurred. Such a proliferation perhaps indicates that suc¬ 
cessful grafts are possible when V. papilionacca is used as a stock, providing 
an adequate technic can be devised. 

The following species were used as scions in grafts upon leaf petioles of 
V. papilimiacca. The general description immediately above applies equally 
well to all of the resulting grafts: l 7 . canadensis, V. tricolor , l r . stri<tta , V. 
odorata. 


TATUjE I. Pf suits of Graft niff J$jrp( rimcnts tn ihc Genus Viola 


Stocks Scions 


r. striata 
V. odorata 
V. papd ion area 
V. eanadt nsis 
V. tricoloi 


S 

+ 

() 



1 Indicates a successful graft. 

O Indicates a failure not duo to observed technical difficulties. 

S Indicates a failure which may be due to technical difficulties and is discussed in the 
text under Special Cases. 

Self grafts have not been included in the present study. 


CONCLUSIONS 

The results briefly summarized in table 1 indicate that seven out of the 
ten graft combinations possible among the selected representative species 
in each of the distinct sections and sub-sections of the genus Viola have been 
successfully consummated in at least one of the reciprocal stock and scion 
relationships. It may be inferred from these results that the failure of one 
reciprocal can find no assumed basis in phylogenetic divergences if the other 
reciprocal has been obtained. 

It is postulated further that the failures listed above are due to technic 
rather than to so-called grafting incompatibilities arising in some way from 
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phylogenetic divergence. A discussion of possible reasons for this technical 
failure has been presented in the text. 

The conclusions presented are (a) that grafting limits are not coincident 
with any morphological divisions of the genus such as those presented by 
Engler and Prantl (1); and (b) that there are probably no general grafting 
limits within the genus Viola. It would, of course, be an impracticable task 
to demonstrate the presence or absence of specific grafting imeompatibilities 
which might exist between any of the large number of species in the genus, 
regardless of their relationships. The one example in the present work which 
is suggestive of such a condition is the failure of V. striata and V. tricolor to 
form a graft union in either reciprocal combination. This example, however, 
should be investigated to a fuller extent before any conclusions as to the 
failure are reached. 

No serviceable correlation can be made, therefore, between grafting 
limits and the hybridization index as determined by (lershoy (4). In the 
latter work it has been shown that hybridization limits closely follow the 
broad morphological delineations: no crosses having been consummated 
between species in the major sections of the genus. 

However, the section Nominium is divided into three distinct subsections 
and a few hybrids between species in different subsections are in existence. 
Of these, the hybrid T r . conspersa x papiUonaeca has been discussed by 
Marvin (7) and by Pierce (9). V. papiUonaeca in the Ptapiostipma sub¬ 
section was used in the present work while V. conspcrsa in the Rostdlatac 
subsection is closely related to V. striata , which formed a partially success¬ 
ful graft with V. papiUonaeca. 

The hybrid V. Riviniana x odor at a, has not yet been discussed in print. 
It is a vigorously growing form which is being studied in detail since it 
serves as a “bridging mechanism ,, between the subsection Rostdlatac in 
which V. Riviniana is placed and the subsection Uncuiatac containing V. 
odor at a* V. Riviniana is closely related to V. striata , which lias formed 
successful grafts with V. odor at a. 

These data show, as might be expected, that success in grafting may 
parallel success in the hybridization of species to a certain extent. However, 
the statement that grafting limits are not correlated with the hybridization 
index may be made quite definite by pointing out that successful grafts have 

0 "By the use of the colchicine technic the sterile F-l hybrids have been induced to set 
seed. There are now in existenc, F-2, F-3, and F-4 plants which are strikingly similar in 
appearance. The fertile amphidiploid plants differ, characteristically, from the sterile F-l 
hybrid in possessing fewer and somewhat shorter internodes, thicker shoots, larger and 
somewhat thicker leaves and flowers and, also, bigger pollen grains of which a large per¬ 
centage is quite imperfect. The F-2 plants have been used in pollination with races of 
both parent species, thereby producing seeds of assumed back-cross origin (uuptiblished 
data). It is stated by Engler and Prantl (1) that a hybrid of this nature does not occur 
in the wild and, moreover, is unexpected because of the dissimilarity of the species involved. 
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also been obtained between species in those groups which are isolated from 
each other by definite hybridization barriers, i.e., the grafts V. striata on V. 
canadensis stock and V. odor at a on V. canadensis stock have linked the 
Nominium section with the Chamacmelanium ; the grafts V. odorata on V. 
tricolor stock and V. papilionacea on V. tricolor stock have linked the No¬ 
minium section with the Melanium; and the graft V. tricolor on V. cana¬ 
densis stock has linked the Mclamum section with the Chamacmelanium. 
No hybrids between species in these three sections are known to exist. 

summary 

An attempt has been made to determine whether or not a correlation 
exists between the capacity for grafting of species and the hybridization 
index in the genus Viola. Within the genus the barrier to a successful species 
graft centers upon a lack of adequate technic rather than upon so-called 
grafting incompatibilities arising in some way from the phylogenetic diver¬ 
gence of the species involved. This conclusion is drawn from results demon¬ 
strating potentially successful grafts in seven of the ten possible interspe¬ 
cific combinations among the five species chosen to represent the wide range 
of morphological types in the genus. There appears to be no serviceable 
correlation between success in hybridization of species and species grafting. 

Sincere appreciation is due for tin* generous co-operation given by Prof. 
E. Matzke of Columbia University, 'who has made a constructive criticism 
of the manuscript. 

Literature Cited 

1. Becker, W. 1923. Viola. hi Bugler, A. & Pi anti, K. Die natiirliehe POanzonfamilien, 

21 : 

2. Blakeslee, A. F. & Farnham, M. E. 1923. Bottle grafting. Jour. ILered. 14: 171—173. 
,‘i. Daniel, L. 1927. fit udes sill la greflfe. Bonnes. 

4. Gershoy, A. 19.14, Studies in North American violets. III. Uhromosome numbers and 
species characters, Vt. Agr. Kxp. Kta. Bull. 307: 1—91. 
f>. Jones, W. N. 19.14. Plant chiinaeras and graft hybrids. London. 

0. Manch, D. 1937. Meiosis in an F-l Viola hybrid and its reciprocal. Am. Jour. But. 
34: 078-083. 

7. Marvin, J. W. 1930. (Vll size and organ size in two violet species and their hybrid. 

Bull. Tor rev (Bub 63: 17-32. 

8. Mirov, N. T. 1940. Tested methods of grafting pines. Jour. Forestry 38: 708-777. 

9. Pierce, W. P. 1930. The relation between cell, nuclear and chromosome dimensions in a 

sterile violet species hybrid. Bull. Torrey (’lull 63: 113-138. 



BULLETIN OF THE TOEREY BOTANICAL CLUB 
Vol 770, No. 2, pp. 104—119 ~~ Ma"rc h7~1 943 


GROWTH OF FRUITS IN CATTLEYA AND ALLIED 
GENERA IN THE ORCHIDACEAE 

Robert E. Duncan and John T. Curtis 

The Cattle yeae, a tribe of the Orchidaceae inhabiting the tropics and sub¬ 
tropics of the New World, contains the majority of the important com¬ 
mercial orchids. Its several genera, more than one thousand species, and some 
six thousand recorded hybrids form the basis of a one-hundred-million-dol- 
lar industry in this country alone. Four of the genera, Bramivolu , Laclia, 
Cattleya , and Sophronitis, and their intergeneric hybrids indicated by 
combination names, such as Brassolaeliocattlcya, contain the “Catts” of 
commerce. 

The development of fruits in the Cattleyeae has been studied only by 
Veitch (1888) who gave the periods of time elapsing between pollination 
and fertilization, and between the latter and fruit maturation of Cattleya 
labiata var. mossiae and illustrated the fruit wall changes. In general his 
treatment is much like Hildebrand’s (1863) and Guignard’s (1886) with 
respect to other orchids. The value of these investigations, in addition to the 
periodicities listed, lies in the formation of the twofold concept that pollina¬ 
tion functions in setting fruit and is necessary prior to fertilization. 

Kirehner (1922) investigated the course of events after self pollination 
in orchids. He found three types of behavior, which led to sterility, based 
on inability of the pollen to germinate on the stigma, inability of the pollen 
tubes to,grow down into the ovary, and production of seeds without embryos. 

Duncan and Curtis (1942a) found phases of growth in both length and 
diameter of the fruits of Phalacnopsis , the phases being correlated with 
certain internal changes. These changes are fundamental physiological hap¬ 
penings, such as pollination and fertilization. They showed the inter-relation¬ 
ships of incompatibility-sterility factors to growth of the fruit. In Phalae - 
nopsis there are three phases of growth in diameter, during which prolifera¬ 
tion of the placentae culminating in the initiation of ovule rudiments, mat¬ 
uration of the maerogametophytes, and embryo growth respectively take 
place. The first phase of growth in length lasts through the first two phases 
of growth in diameter; the second, when present, takes place at the time of 
embryo grpwth. The maximum rate of macrosporogenesis occurs during a 
relatively quiescent period, as far as growth in diameter is concerned, be¬ 
tween the first and second phases. Fertilization takes place when both growth 
in length and diameter is near a minimum. 

Duncan and Curtis (1942b) found two phases of growth in diameter of 
fruits of Cypripedium and Paphiopedilum. These phases coincide with 
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macrogainetophyte maturation and seed development, ovule rudiments being 
present at tlie time of pollination. A single phase of growth in length con- 
eludes at the time of fertilization. 

Kiley (1942) has pointed out that the radii passing through the septum 
and midrib of Iris fruits grow at relatively different rates but reversals in 
the rate of growth of the radii occur so that the one originally growing faster 
is then slower. These changes in rates, producing breaks in the growth curve, 
take place when the fruit shape shows evidence of changing. Fertilization 
apparently bears a relationship to one of the breaks. 

MATERIALS AND METHODS 

The genera, species, and hybrids used in the present study may be found 
in the following list : 


Species 

Brassavota nodosa Hindi. 

Cattlcya amethystoglossa Lindl. & Reichb. f. 
(\ bicolor Hindi. 

C. bowringiana Veiteh 
C. granulosa Lindl. 

C. guttata Lindl. 

C. intermedia Graham 
C. labiata Lindl. 
f. lodfhgcnu Hindi. 

C. In1 cola Hindi. 

C. si invert Ratoman 
C. trianaei Lindl. & Reichb f. 

Epidcndrum cilia re L. 

E. cochlcatum L. 

E . tampensc Lindl. 

Laeha qouldiana Reich!) f. 

L. purpurata Lindl. 

L. lenebrosa Gower 
L. xanthila Lindl. 

Lrplotes bicolor Lindl. 

Schombnrgh'ia lyonsu Lindl. 


Hybrids 

s Brassoeattleya John Linford 
\ Be. Jupiter 

> Be. Mane'Marie 

\ Be. Yellow Hammer 

* Brassolaellocattleya Dorothy Fennell 

> Cattlcya amabahs 
< C. Brussels 

> C. Cadwalader 
' r. Dupreana 

C.Enul 

n C. Kitty Wren 

* C. Mina 

* C. Moll i/ 

* C. Pi mee Shimadzu 

* Epidcndrum Burtomal 

> ]Me!locattleya No. Id 

* Lc. No. J1 
v Lc. No. 161 

« Lc. Canhanuana 
/ Lc. (romcrsal 

> Lc. (r. S. Ball 

x Lc. Schdlenana 
Lc. Wellsiana 

> Sophrolaehoeattleya No. 519 


The studies were made at the Morris Arboretum and the botany green¬ 
houses of the University of Pennsylvania, both in Philadelphia, and at the 
ranges of Dr. C. K. Schubert and the botany greenhouses of the University 
of Wisconsin, both in Madison. 

Pollinations were cross (between clones), close (within the clone), or self 
(within the flower). Distant crosses were intrahybrid or interhvbrid, intra¬ 
specific of interspecific. Interhybrid crosses were intrageneric or inter¬ 
generic. The number of pollinia forming the entire complement of a flower 
was generally used (four in Cjnitleya, six in Lcptoies, eight in Laelia). There 
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are several exceptions caused by size of the stigmatic cavity which was some¬ 
times too small to hold all the pollen. The most study was devoted to four 
forms: Vattleya trianaei, C. bowringiana, Epidendrum tampcnsc, and E. 
cochleatum var. triandrnm. Approximately 175 ovaries were measured from 
flower to mature fruit in all the studies. 

The fruits of the Cattleyeae like those of Phalaenopsis and the Cypri - 
pedilinae are lined with grooves whose terminations are closely associated 
with the distal and proximal limits of the ovary cavity. It is not unusual, 
however, to find fruits whose grooves extend either somewhat down the pedi¬ 
cel or slightly up the beak of the ovary. Since measurements made of the 
pedicel and beak of the ovary do not change during fruit maturation these 
slight variations were disregarded and the groove length has been accepted 
as the length of the ovary. In later studies these limits were marked with 
India ink so that the distance between the same points could be measured 
more exactly each time. The diameter at a level about one-half the way down 
the ovary was marked and measurements made at this point. As the ovaries 
of some species enlarge the edges of certain lobes fold back, leaving an ever 
widening sinus in which the alternate lobes are located. The width from the 
enlarging edge of the wing of one lobe to that of the adjoining—in other 
words the width of the sinus—was measured in several scries from the time 
of its appearance until its permanent width was reached. All measurements 
were made to 0.1 mm. with vernier calipers at weekly intervals. Graphs were 
made by plotting a moving average of the weekly percentage of total growth 
in length and diameter respectively. 

Fruits of Cattleya trianaei , C. bowringiana, Epidendrum fampen.se , and 
E. cochleatum var. triandrnm were removed at intervals, fixed, and sec¬ 
tioned for study of internal changes both in the ovary wall and ovules. When 
the fruits were mature the percentage of fertile seeds was determined by 
counting statistically significant samples of well mixed, dry seeds from each 
fruit. All those seeds having an opaque embryo of normal size were con¬ 
sidered to be fertile. In some instances germination tests were used to cor¬ 
roborate these counts. When fruits ripened prematurely they were examined 
in an effort to determine the cause. 

The effect of the amount of pollen on the growth of fruit was tested by 
varying the number of pollinia applied to the stigma. One, two, four, and 

Explanation of figures I—10 

Graphs portraying the growth of fruits of ten species of the Cattleyeae . Growth in 
length is Shown by solid lines; growth in diameter by dotted lines. The figures at the left 
of each graph represent percentage of total growth in length; those at the right percentage 
of total growth in diameter. Fig. 1. Brassavola nodosa. Fig. 2. Epidendrum ciliare. 
Fig. 3. Laclia tenebrosa. The last phase of growth in diameter occurs after twenty weeks 
and is not shown on the graph. Fig. 4. Lcpfotes bicolor. Fig. 5. Echo mb nr pic ia lyonsii. 
Fig. f). Epidendrum cochleatum var. iriandrum. Fig. 7. Cattlcya amcihystoglossa. Fig. 
8. C. bowringiana. Fig. 9. C. granulosa. Fig. 10. C. loddigesii. 
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six pollinia were used in two series of pollinations: one series on x Cattleya 
Molly; the other, on C . trianaei. 

Light, among environmental factors, was studied with respect to its effect 
on the growth of fruits. A number of flowers were pollinated on Cattleya 
trianaei: one series on plants growing in an eleven-hour day and another on 
plants growing in day length increased to twenty hours by two 100-watt 
fluorescent-tube lights. 

Attempts were made to simulate the pollination effects by various chemi¬ 
cals and to induce fruit development by artificial means. 

RESULTS 

Figures 1-10 portray the growth of fruits of six genera of Cattleyeae and 
of four species within the genus Cattleya. All fruits represented in this 
group, with the exception of that illustrated by figure 5, produced seed, and 
are characterized by three phases of growth in diameter and one major phase 
of growth in length. A second and minor phase of growth in length is not 
always found, but when present, is associated with the third and last phase 
of growth in diameter. 

The orchid ovary has six components which appear as lobes in cross sec¬ 
tion. Three of the components each bear a single placenta and three are 
sterile. Morphogenesis of the ovary wall from flower to mature fruit varies 
greatly from species to species of the Cattleyrae. For example, the six com¬ 
ponents of the ovary of Cattleya bowrinyiana are approximately of the same 
size in the flower and grow at about the same rate during fruit development. 
Flaps of the placentiferous lobes abut on each other and hide the sterile Jobes 
until dehiscence of the fruit in certain races of C. trianaei (figs. 19, 23-26). 
The sterile lobes are hidden in the flower of Laelia tenebrosu but are disclosed 
by the widening of the sinus between the placentiferous lobes as the ovary 
grows. The placentiferous lobes assume a number of different forms in addi¬ 
tion to their varying relative proportions in the fruit. Figures 15 and 17 to 
20 inclusive illustrate some of these conformations. The effect of structural 
differences of the wall on the growth curve for diameter can be deduced by 
comparing the curves for Cattleya bowrinyiana (fig. 8) and Laelia tenebrosa 
(fig- 3). 

The amount of pollen placed on the stigma does not alter the proportions 
or shape of the mature fruit but does increase the ultimate size reached in 
growth by the fruit (fig. 27). Figures 11 and 12 show that the weekly incre¬ 
ments oT growth in both length and diameter are increased by the application 
of a larger number of pollinia. Growth in length is maintained at a greater 
rate for a longer period of time in the first growth phase of ovaries which had 
been pollinated with six pollinia (fig. 12). The position and time of the inter- 
phases of growth are not affected. The peaks of the second and third phases 
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of growth in diameter are shifted farther apart; the duration of the inter¬ 
phase, in which fertilization takes place, is lengthened. The percentage (not 
the number) of seeds containing embryos is not significantly affected. The 
yields for x Cattleya Molly with one pollinium is 58.8 per cent; with two, 
53.3; with four, 51.8; and with six, 54.2. The yields for C. trianaei with one 
pollinium is 51.2 per cent; with four, 54.0; and with six, 61.0. This series 
seems to indicate an upward trend with increasing numbers of pollinia but 
any possible significance is nullified by the results with x C. Molly. 

Increasing the effective day length from eleven to twenty hours brings 
about the maintenance of growth in length and diameter at a higher rate 






Figs. 11-14. Graphs illustrating growth of fruits of Cattleya trianaei . Fig. 11. 
Increment curves of growth in diameter for three fruits of a late blooming form, each 
with a different number of pollinia. Fig. 12. Increment curves of growth in length for 
the same fruits as in figure 11. Fig 13. Increment cuives of growth in diameter for fruits 
of two plants of an early blooming form, each exposed to different day lengths. Fig. 14. 
Increment curves of growth in length for the same fruits as in figure 13. 


over a longer period of time (figs. 13, 14). This is particularly true with 
respect to diameter; however, growth in diameter in the twenty-hour day 
never reaches the peak rate that is reached under the eleven-hour day. The 
period of slower growth between the first and second phases of growth in 
diameter it obscured. Neither the period of time necessary for the maturation 
of the fruit nor the percentage of seeds possessing embryos in a fruit is 
altered by the increased day length. The percentages were 55.2 for a fruit 
from the eleven-hour day and 52.9 from the twenty-hour day. 
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The following? list is made up of selected crosses of various kinds. Low 
percentage of viable seeds is reflected to a limited extent in curves repre¬ 
senting increments of growth in diameter. 


I’hKCKNT \GE Of’ SEEDS POSSESSING EMBRYOS 


Cat tic ya species 

Per cent 

xC. Molly, cross pollinated 


C. tnanavi , cross pollinated 


(4) 

51.8-51.2 

(«) 

37.6-61 .4 

v C. Molly , selfed (1) 

0.0 

C. trianan , selfed (I) 

0.0 

Lachocattlcya hybrid X Laclio- 


C. bowrinyiana , cross polli- 


cattlcya hybrid 


noted (4) 

66.7-78.3 

* Lc. Xo. close pollinated 


Laclta species 


(-*> 

17.1-17.2 

L. tnicbrosa , cross pollinated 


Lc. Xo. 1!), cross pollinated 


(2) 

48.3-64.8 

(1) 

28.0 

Cat tic if a species X Lad in spe¬ 


Lachocattlcya hybrid X Cat¬ 


cies 


tlcya hybrid 


C. bowrntfftana X L. tcnc - 


x Lc. Xo. J1 X x C. Molly (1) 

11.1 

brosa (2) 

41.7-62.1 

x Lc. A o. J1 X'C. Kitty 


L. trnebrosa X C. boirrnif/h 


Wren (1) 

36.2 

ana (2) 

6.2-10.7 

Lad to, species X Cattlcya hy¬ 


Cattlcya species X Cattlcya hy¬ 


brid 


brid 


L. tcm brosa X ' C. Molly (1) 

87.2 

C. (oddifjcxu X v C. Molly (1) 

63.6 

Cattlcya hybrid X Lacha species 


Cattlcya hybrid X Cattlcya spe¬ 


xC. Molly X L. tenebrosa (1) 

66.6 

cies 


Catfhya hybrid X Lad meat 


x C. Molly X C. lab iota (1) 

64.1 

tlcya hybrid 


Cattlcya hybrid X Cattlcya In- 


v C. Molly X > Lc. Xo. 19 ( 1 ) 

64.8 


brill 

The study of the internal development shows that placentae of Epidcn- 
drum cochlcntum var. friandntm , at the time of pollination, has already 
undergone some proliferation. This is not true of Luelia .vanthinn (fig. 17) 
or Cattlepa amelhystof/Jossu. In (\ (jrunulosa (fig. 18) there is a certain 
amount of proliferation by the time the perianth expands but tin* placental 
ridges are still reflexed. Cattlcya amcth ysioglossa has placental ridges which 
project radially toward the center of the ovary cavity; however, little pro¬ 
liferation has taken place by the time of an thesis. One week after pollination 
the ovary of E. cochlcatum var. trtandrum has enlarged considerably through 
perielinal elongation of the inner cell layers of the ovary wall. This, together 
with the enlargement of outer cells of the ovary wall, allows a considerable 
increase in the amount of ovary cavity into which the placentae have ex¬ 
tended through enlargement of their constituent cells. Only scattered 
nuclear and cell divisions were seen in the ovary wall, those present being 
in the vicinity of the veins, the hypodermal layer of the placeutiferous lobes, 
and the regions where dehiscence will take place at maturity. Greatly en¬ 
larged scattered cells contain either raphides or elaioplasts, both having been 
present in cells of the ovary of the unpollimited flower. There seems to have 
been a general increase in the number of cell layers in the portion of the 
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ovary wall adjoining the eavity but in sufficient cell divisions have been seen 
to account for the approximately five extra cell layers of the wall. It is possi¬ 
ble that these took place as in Phalaenopsis very shortly after pollination— 
within two or three days. The proliferations of the placentae in the week-old 
fruit show some scattered nuclear and cell divisions blit in general the tips 
of the ramifications have assumed the shape of an ovule rudiment, in some 
eases the hypodermal cell has enlarged somewhat, and has the appearance of 
a primary archesporial cell. 

At the end of the second week groups of pollen tubes are found growing 
along the sides of the placentae. The ovules show the beginnings of the first 
integument and a curvature. There are a considerable number of division 
figures in the nucellus and beginning integuments. One week later the macro¬ 
spore mother-cells of most of the ovules are entering reduction division, 
although a few ovules contain four-nucleate macrogametophvtes. At the close 
of the fourth week a few ovules are ready for fertilization, but the majority 
still contain macrospore mother cells in some stage of reduction division. 

By the end of the fifth week, at the time of a second phase of growth in 
diameter which is very closely associated with the first (fig. (>), a greater 
portion of the ovules have assumed mature form and shape. During the 
ensuing two weeks fertilization takes place. At the conclusion of seven weeks 
most of the ovules contain small embryos. At the end of the ninth week, dur¬ 
ing the third phase of growth in diameter (fig. (->), the embryos have enlarged 
greatly, their suspensors have grown out through the mieropyle and reached 
the surface of the placentae. The seed coats have taken on their mature 
texture. 

The intervals at which the ovaries of other forms reach the critical points 
of meiosis and fertilization vary considerably. In many of the one-leaved 
species of ('altleya the first growth period intervening between pollination 
and reduction division in the ovules is about seventy days. Figure 28 is a 
photograph of the bundle of pollen tubes dissected out of a fruit of (\ 
frianact . just prior to fertilization. The column and beak of the ovary which 
is left attached at the upper end gives an indication of the relatively large 
proportion of pollen tubes to ovary. 

The period necessary for ripening of the fruit and the natural dissemi¬ 
nation of the seeds varies from three months for Ep id end nun cochlratum 
var. friandnun to fifteen for Catfleya frianaei under greenhouse conditions 
in Wisconsin. 

Induction of parthenocarpy by artificial means was attempted in a series 
of exploratory experiments conducted over a three-year period. Fourteen 
species in the following genera, of which only Lari in and Cat fie pa belong in 
the Catllvycac , were used as experimental material: Catflcya, Cyrtopodium , 
Laelia,MiItonia, 0nndiam ,-A/ phiopedilnni , Phalaenopsis , Vanda, and Zygo - 
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petahim. Substances employed were: indole-acetic, indole-propionic, indole- 
butyrie, and naphthalene acetic acids; Gonadogen; water and alcohol ex¬ 
tracts of both ungerminated pollinia and pollen tubes. These agencies were 
tried in different concentrations in water solution, in glycerine solution, in 
lanolin emulsion, and as dry crystals (where possible). They were applied 
externally by spraying or painting, internally by injection into either the 
ovary cavity or the nectary, or were introduced into the stigma tic depression 
in cotton pellets or dry agar blocks in simulation of natural pollination. 

The heteroauxins and the pollen extracts brought about wilting of the 
perianth in all species, except in Zygopetalum whose perianth segments do 
not wilt even after pollination. The stigma changes associated with pollina¬ 
tion in Phalaenopsis were duplicated by 0.1 per cent indole-acetic acid in 
lanolin. The most efficient method of application was the dry agar block 
technique. Apparently the absorption of water by the agar influenced the 
water relations of the perianth in the same manner as the natural pollinia. 
Initial elongation of the ovary was noted in Cattleya (maximum elongation 
was 7 min. in C. trianaei). In no instance did any of the treatments on any 
form result in fruit formation. 1 


DISCUSSION 

Comparison of the growth curves of the various members of the Cattleycae 
included in this report reveal considerable variation in length of time elaps¬ 
ing between pollination, meiosis, fertilization, and maturation of the fruit 
respectively. There is a further variation in the relative magnitude and pro¬ 
portions of the various parts of growth curves erected on weekly increments 
of growth. Epidendrum ciliare var. laiifolia (fig. 2) and E. cochleatum var. 
triavdrum (fig. 6), for example, differ greatly in the duration of the first 
phase of growth in diameter, the former having a considerably extended first 
phase. E. cochleatum var. triandrum has a second phase of growth in diame¬ 
ter which is greatly telescoped by the first but clearly distinct from the third. 
In general, however, there are three phases of growth in diameter and one, 
sometimes two, of growth in length of fruits of the Cattleyeac studied. The 
phases of growth in diameter coincided respectively with proliferation of the 
placentae and initiation of ovule rudiments, growth of the ovule and matura¬ 
tion of the macrogametophyte, and growth of the embryo and maturation 
of the seed. The first phase of growth in length is generally completed before 

i Huliert and Maton (Parthenocarpic en groeistof. Natuurwetenschap. Tidjselir. 21: 
339-348. 1940.) have reported the production of parthenocarpic fruits of considerable size 
induced by the application of crystals of naphthaleneacetic acid on the stigmas of a Cym~ 
bidinm hybrid and Oncidium long ip ex. The bearing of our own results on this report is 
obscure. The publication has not been available to the authors. 

Since this paper has gone to press we have had some success in setting parthenocarpic 
fruit on Zygopetalum mackayii with naphtlioxyacetie acid and naphthalene acetamide. 
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the end of the second phase of growth in diameter. At the conclusion of the 
first phase of growth in diameter meiosis is taking place. At the conclusion 
of the second in diameter fertilization occurs. 

The first phase of growth in diameter is sometimes modified by the initi¬ 
ation and growth of a sinus, as in Cattleya trianaei (figs. 19, 23-26), between 
the wings of the plaeentiferous lobes. It is possible that telescoping of the 
first two phases of growth in diameter in Epidendrum cochlea turn var. tri - 
and nun is caused by the growth of the singular projection of the placen- 
tiferous lobe at the time of meiosis (figs. 20-22). Epidendrum ciliare (fig. 2) 
and E. lampcnsc (figs. 15 and 16), which do not possess such projections, do 
possess clear cut first and second phases of growth in diameter. Shortening 
the period devoted to each phase (climate would shorten the growing period) 
tends to run the phases together. Epidendrum cochleatum var. triandrum 
has the shortest ripening period of any member of Ihe Cattleyeae studied; 
it is native to the northern shores of the Gulf of Mexico. The phases, of 
course, could be portrayed graphically more readily by the use of four-day 
rather than weekly intervals of measurement. 

The growth of the fruit and its relation to internal changes in the 
Cattleyeae agree precisely with the development of fruits of Phalaenopsi, s\ 
The peak rate of growth in length generally occurs at about the same time 
as the peak rate of growth in diameter; this feature of the Cattleyeae is un¬ 
like Phahu nopsis whose peak rate of growth in length occurs between the 
first two phases of growth in diameter at the time of the maximum rate of 
mnerosporogenesis. 

The chief difference between the members of the Cattleyeae and Phalae - 
nopsis with respect to pollination effects lies in the behavior of the stigma. 
The edges of the stigmatie cavity of Phalae nopsis grow over the cavity and 
imprison the pollinia. This growth is brought about by enlargement of the 
cells making up the tissue involved. The stigma in the Cattleyeae remains 
unchanged after pollination with the exception that at times more stigmatie 
fluid may be secreted. Since this difference is one that mainly concerns water 
relations it is possible that an effect on growth could be detected. The initial 
lag for one or two weeks in growth in length of fruits of Phalaenopsis is not 
detected in the growth of fruits of the Cattleyeae. If such a lag is present it 
is of considerably reduced duration. A rapid initial growth in length is 
characteristic of the CattUyeae , the only exception found being Epidendrum 
ciliare. An immediate redistribution of water under the stimulus of pollina¬ 
tion is indicated by the simultaneous collapse of the perianth and the en¬ 
largement of tissue in other parts of the flower—i.e., the enfolding of the 
stigma edges in Phalaenopsis and the elongation of ovary wall cells in the 
Cattleyeae. The application of heteroauxins brings about these respective 
effects. 
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Growth in diameter of the ovaries of Cypripcdium and Paphiopedilvm 
is characterized by two growth phases: during the first, meiosis and develop¬ 
ment of the macrogametophyte occur; during the second, seed maturation. 
Fertilization takes place in the period of little or no growth between these 
two phases. Growth in length has concluded by this time. At the time of polli¬ 
nation the ovules of Cypripcdium and Paphiopcdihtm are present and con¬ 
sist of a nucellus containing a distinct archcsporial cell and the beginnings 
of the inner integument. The two growth phases in diameter in the Cypri - 
pcdihmte are homologous to the latter two phases of growth in diameter in 
the fruits of the Catilcycac. 

Duncan and Curtis (1042b) suggested that three types of fruit develop¬ 
ment could be distinguished by the number of phases of growth in diameter, 
the number present being correlated with the stage of development of the 
ovary at the time of pollination. If the flower opens when the placentae have 
not undergone proliferation, three phases of growth in diameter of the ovary 
are present; if the flower opens when the ovule rudiments are present, two; 
and if the flower opens when the ovules are ready for fertilization, one. The 
first type should be modified, according to observations in the Catilcycac , to 
include flowers whose ovaries contain at anthesis placentae which have pro¬ 
liferated to a degree but have not undergone their entire proliferation. 

The differences in the development of the component parts of the fruit 
wall, such as the initiation and growth of wings or reflexing of the edges of 
the placentiferous lobes, affect the shape of the curve representing the first 
growth phase in diameter Since these structural changes vary from species 
to species of the Catilcycac the curves representing growth in diameter of 
a species may possess a certain amount of individuality. The growth of the 
sinus in LacHa tenebrosa brings about a trimodal appearance of the first 
growth phase in diameter as the initiation, waxing, and waning of the growth 
leading to the widening of the sinus contributes to or decreases the rate of 
growth in diameter. Such fluctuations are emphasized by the presence of 
smaller amounts of pollen on the stigma as is demonstrated in Cattlcya 
triaaau (fig. 11). If the six components undergo about the same develop- 

Explanation of figures 15-26 

Diagrams of cross-sections of orchul ovaries. Fig. 15. Epidcndrum tamprn.se. Cross- 
section of ovary of an unpollinated flower. Fig. 16. E. tampen.se. Cross-section of ovary 
containing seed. Fig. 17. Laeha .lantlmia. Cross-section of ovary of unpollinated flower. 
Fig. 18. Cattlcya granulosa. Cross-section of o\ary of unpollinated flower. Fig. 19. C. 
tnanaei. Cross-section of ovary of unpollinated flower. Fig. 20. Epidcndrum cochlratum 
var. triandrum. Cross-section of ovary of unpollinated flower. Fig. 21. E. cochlratum var. 
triandrum. Cross section of ovary two weeks after pollination. Fig. 22. E. cochlratum 
var. triandrum. Cross-section of ovary three weeks after pollination. Figs. 15-22. x 8. 
Figs. 23-26. Cattlcya trmnaei. Cross-sections of ovaries showing the folding hack of the 
wings of the placentiferous lobes at three, four, nine, and thirteen weeks after pollination. 
One-half natural size. 
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ment or if the proportion of sterile to placentiferous components remains 
about the same during? the course of development, the growth curve is little 
affected, an example being Cattleya bowringiana. This is true of Phalae- 
nopsis. 

Since an increase in the number of pollinia applied to the stigma merely 
increases the size of the fruit, it may appear to be brought about by the 
increase in dosage of the growth regulatory compound or compounds which 
they contain. Extracts of the pollen, even though they do not give rise to 
parthenocarpic fruits, produce the same initial effects as the pollen itself. 
The substance responsible for fruit set may be produced by germinating 
pollen grains. Injections with water extracts of pollen tubes from pollen 
germinated on agar or on fluid of stigmas from excised columns, however, 



Fid. 27. Mature fruits of Cattleya trianaei. The smallest fruit received one polliuium, 
the intermediate, four pollinia, and the largest, six pollinia. The data for figures 11 and 
12 were obtained from these fruits. 

Fig. 28. Bundle of pollen tubes dissected from a fruit of Cattleya trianaei just before 
fertilization. The beak of the ovary is left attached to indicate the relative size of the 
pollen tubes. 

gave negative results. This suggests that some relationship between stigmatic 
or stvlar tissue and pollen tubes may be necessary—that one may activate 
the production of the growth regulatory compound in the other. These find¬ 
ings are in line with the conception that the entrance of pollen tubes into the 
ovary cavity is necessary for fruit set. 

Certain of the reagents used in the work with orchids, injected into or 
sprayed on flowers of such plants as Carica papaya and Lyeoperxicon escu- 
Icntum , caused ripening of parthenocarpic fruits. Although our experiments 
are by no means exhaustive, it would appear that the substances responsible 
for fruit set in the Orchidaceae are different from, or at least are not acti- 
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vuted by, the same substances that Gustafson (1938) found to be effective in 
a wide range of dicotyledonous genera. 

Figure 5 illustrates the fact that a fruit set with incompatible pollen 
never passes through all the growth phases of the fruit but ripens prema¬ 
turely. This close mating belongs to the category of incompatibility in which 
germination of the pollen and entrance of the pollen tubes into the ovary 
take place but fertilization fails, the apparent cause being the inability of 
the pollen tubes to grow out to any great extent over the extremities of the 
placentae. The ovules do not become seed-like. Two earlier occurring types 
of incompatibility, the inability of the pollen to germinate on the stigma or 
of the pollen tubes to grown down through the stylar tissue, fail to do more 
than hold the ovary on the inflorescence for longer than a few weeks, abscis¬ 
sion taking place at the base of the pedicel. The fruit of xCattleya Molly , 
given in the list of “percentage of seeds possessing embryos” as zero per 
cent, contained ovules whose integuments were of mature size and texture. 
The curve representing growth in diameter of this fruit suggests a third 
growth phase. It is possible that the cause of this type of sterility lies after 
fertilization. The third phase of growth in diameter in corresponding fruits 
of Phalaenopsis was not detected, and this type of sterility was grouped with 
those in which the pollen tubes fail to grow out over the placentae and the 
fruit ripens prematurely. These, too, may have been brought about by post¬ 
fertilization failures. Fruits affected by this type of sterility ripen somewhat 
prematurely. The difficulty in assigning the cause in such chance cases lies 
in the fact that bv the time the fruit has ripened the tips of the pollen tubes 
have disintegrated. 

The list of percentage of seeds possessing embryos brings out several facts 
that should be of interest to the practical breeder of orchids. As far as gen¬ 
eral breeding work is concerned they offer nothing new. Mating members of 
a species with other members of the same species seldom results in excep¬ 
tionally high seed set. The section of the genus Cattleya to which C. bow - 
rinyiana belongs, the Diphyllae , yields the highest counts Reciprocals by no 
means give equally good results. The cross between La elm tenehrosa and 
Caitleya bowrimjiana is an example. The cause of the inequality between the 
reciprocals may lie in the great difference in the length of the beak of the 
ovary in Laelia tenehrosa and Caitleya bowrimjiana and corresponding dif¬ 
ferences in the length of their pollen tubes. 

x Caitleya Molly is an extremely heterozygous hybrid. It includes five 
species in its ancestry, no one of which is duplicated. When self- or close- 
pollinated the percentage of seeds containing embryos is low (0.0 per cent 
and 9.6 per cent respectively). Back crossing on the species, C. labiata , does 
not increase the yield over that of wide crosses with a member of another 
genus, Laelia tenehrosa , or with intergeneric hybrids such as x Laeliocattleya 
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No. 19 although it does increase the yield over crosses between different 
plants of x Cattleya Molly. It is interesting to note that the fertility of x C. 
Molly is about the same as that of 0. trianaei , a species. 

The complex intergeneric hybrids Laeliocattleya No. 19 and No. 21 show 
more sterility than x Cattleya Molly when close pollinated or when individ¬ 
ual plants of the respective hybrids are mated among themselves. There is, 
however, a wide range of fertility when used as either a pollen or a female 
parent in a wide cross. Since there is a certain amount of back crossing on 
species in their ancestry the individual plants of each hybrid may behave 
quite differently. This may explain the wide range of values, x Laeliocattleya 
No. 21 shows more sterility than \Lc. No. 19. The intergeneric hybrids be¬ 
tween species of Brassavola and Cattleya , like those between Laclia and 
Cattleya , have considerably reduced fertility. The percentage of seeds pos¬ 
sessing embryos was not determined for hybrids whose ancestry includes 
three or four genera. 

It is perhaps not surprising that the orchids, which have evolved such a 
high degree of specialization to insure cross pollination, should give higher 
percentages of good seeds when matings are between clones. The cleistoga- 
mous orchids, however, according to Kirchner (1922) are highly fertile. It is 
.surprising, however, that crosses between members of different species or 
even genera should give better results than selfing. This emphasizes the fact 
that the barriers between species and genera in the Cattleyeac are slight. 
During the past sixty years of breeding only two groups, relatively incom¬ 
patible with other members of this tribe, have been found. They are tin* reed¬ 
like section of Epidendrum and the Mexican section of Laelia. 

SUMMARY 

The type of fruit development first described in Phalaenopsi.s is found in 
the Cattleyeac. 

The basic trimodal growth curve may be modified by the specific confor¬ 
mations of the fruit wall and the relative growth rate of the components. 

The amount of pollen affects the ultimate size but not the proportions of 
the fruit. 

Increasing the day length contributes toward a larger fruit. 

Neither light nor a variant amount of pollen, within reasonable limits, 
significantly affect the percentage of seeds possessing embryos. 

Three incompatibility types and probably a type of sterility caused by a 
post-fertilization failure are described. 

Compilation of the percentages of seed possessing embryos indicates that 
selfing lowers the yield and wide crosses (between genera or species) often 
give as good a yield as crosses within a species. Extreme hybridity points 
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out the lack of well defined barriers to breeding between species and genera ; 
this is correlated with their systematic classification. 

Department of Botany, University of Wisconsin 
Madison, Wisconsin 
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A MYCORRHIZOME FROM THE CARBONIFEROUS 
OF ILLINOIS 1 

Henry N. Andrews and L. Wayne Lenz 

In a recent description of a petrified Coenopterid fern stem from the 
middle Pennsylvanian of Illinois the senior author mentioned the presence 
of abundant mycelium in the cortical cells and suggested that they might be 
of a mycorrhizal nature (Andrews 1942). A detailed study of this associated 
fungus leaves little doubt that that supposition was correct and the abun¬ 
dance of the fungus, its exceptionally fine preservation, and the diversity 
of the morphology presented renders a description desirable. 

Fossil mycelium is not uncommon. It has been reported in Carboniferous 
plant remains and is frequently encountered in Cretaceous and Tertiary 
lignites. Unfortunately the hvphae rarely display significant diagnostic 
characters. The only records of fossil mycelium that may with little question 
be considered mycorrhizal are those described by Weiss (1904) and Osborn 
(1909) from the Coal Measures of England. The fungus described by Weiss 
was found in an unidentified root (or rhizome?) and was given the name 
Mycorhizornum. It may be well to point out that that name was used as a 
monomial and consequently is not valid as a generic designation. It seems 
highly probable, however, that Weiss’ interpretation of the mycelium as 
mycorrhizal is correct and his contribution is of significance since it shows 
that such an association existed in Carboniferous times. The organism de¬ 
scribed below fully confirms this and adds appreciably to our knowledge of 
the morphology of the Paleozoic forms. A glance at the figures may, more¬ 
over, eliminate any doubt that botanists may harbor about the quality of 
preservation to be found in American coal balls. 

The mycorrhiza reported by Osborn was found in the cortical cells of 
Amy elan rad icons. He observed ‘Marge knob-like growths with thickened 
walls that are apparently terminal on the hvphae, and are about .05 mm. 
in diameter. These I take to be a form of resting body which the fungus 
forms to carry it over the period during which the cortex will be 
sloughed . . .” (p. 607). These structures are possibly comparable to sup¬ 
posed vesicles described here in our* Illinois specimens. 

The fungus occurs in the cortical cells of a fern stem, possibly a rhizome, 
described as Sclcroptcris illinoiensis (Andrews 1942). The mycelium is 
found within the host cells throughout the cortex although it is somewhat 
more abundant in the middle and inner regions. Ilyphae were also found in 

iA study aided by a grant from the Penrose Fund of the American Philosophical 
Society. 
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the tracheitis of the stele although they do not assume the typical myeor- 
rhizal form in these cells. 

The proper application of the term myeorrhiza may be considered at 
this point in view of the anatomical nature of the host organ. As stated 
above the latter is a stem consequently the word myeorrhiza is hardly appro¬ 
priate. In view of the fact that the fungus is infecting or living symbiotically 
with a stem or rhizome the term myeorrhizome seems more suitable and will 
be used in our description. 

A glance at the figures reveals the diversity of the hyphal morphology. 
Whether or not all of this mycelium belongs to the same species of fungus 
cannot be stated positively. However, all of the figures are taken from the 
same host specimen and all within a few millimeters of each other. Although 
most of the mycelium seems to be intracellular, appearing typically endo- 
trophie, there is some evidence that it may be intercellular as w T ell. Tn 
figure 6 it appears as though some hvphae may be intercellular with branches 
or branching haustoria penetrating into the cell lumen. The dividing line 
between ectotrophie mvcorrhizae or mvcorrhizomata is probably not so sharp 
as was once supposed. Indeed Young (1940) states that “The difference 
between the two types of mvcorrhizae is now known to be one of degree 
rather than of quality. They merge into one another and many intermediate 
forms are known.” 

A considerable number of host cells contain a very dense aggregation of 
mycelium (figs. 1,9). It was the characteristic appearance of these cells that 
first attracted our attention and suggested their mycorrhizomatal nature. 
The hvphae average about 1 p or less in diameter and are more or less 
uniformly distributed about the periphery of the cell lumen. There is some 
similarity between this organization and the llartig net of the myeorrhizae 
of living plants. However, the slender much branched hvphae shown in these 
figures are clearly intracellular thus the comparison is only a superficial 
one. In many of the host cells infected in this way the mycellium tends to 
assume a nearly spherical form (fig. 5). Not only does it aggregate into 
compact spherical masses but as this continues the hvphae seem to become 
irregularly fused together, losing their identity as individual strands. This 
apparent fusion continues until in some cells the entire mycelial body ap¬ 
pears as a nearly uniform amber-colored sphere. 

Tt is perhaps most probable that this has resulted from plasmolysis of 
the entire contents of the host cell, but there is the possibility that this 
transition is the result of the digestion of the fungus by the host cells, which 
thus retain a symbiotic balance between host and fungus as reported in the 
Orchidaceae (Rayner 1927, p. 67). 

Many of the cortical cells of the host harbor but a few strands of branch¬ 
ing mycelium. These usually.consist of rather large uniform hvphae bearing 
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Figs. 1-5. A fossil mycorrliizome from Illinois. Fig. 1. WCB90B-H13. Fig. 2. 
WCB90B-R34. Fig. 3. WCB90B-S34. Fig. 4. WCB90B-S34. Fig. 5. WCB90B-813. 
All figures x 500. 
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noticeably smaller branches (fig. 3). Filaments such as those shown in 
figure 8 average 6 |j in diameter while those in figure 4 are about 2 p wide. 
The comparatively large size of some of the hyphae is clearly shown in figures 
2 and 3, both of which are magnified 500 times, while those in figure 8 are 
magnified but 350 times. We have occasionally observed cross walls in these 
larger hyphae but they are rare and in most cases there is no evidence of 
septation. 

Some of the other distinctive fungal features may now be considered. 
The type of mycelial development illustrated in figure 6 occurs in many 
cortical cells. It has been suggested that these knotty outpoeketings of the 
hyphae may represent an initial stage in the development of the peripheral 
net of figures 1 and 9. This is probably not the case since the mycelium of 
infected cells such as those shown in figures 1 and 6 and always quite distinct. 
We have not observed any phase that might be considered intermediate 
between the two. Furthermore the hyphae of figure 6 are notably of greater 
diameter than the hyphae of figures 1, 5, and 9. It may be that figure 6 
represents a specialized haustorial type of hyphae. 

In a few of the cortical cells (fig. 4) there may be noted a number of 
larger bodies varying from 15 to 33 p in diameter. Although we have not been 
able to observe the actual point of attachment it is probable that these bodies 
have had their origin from the swollen tip of a hvphal branch and we 
tentatively consider them to be comparable to the vesicles described in 
recent myeorrhizae. In a few of the cortical cells the larger hyphae exhibit 
a peculiar warty appearance (figs. 2, 7). It is difficult to be certain whether 
this appearance is due to minute protrusions of the hyphae or simply an 
aggregation of granules, danse (1897, p. 65) has described a somewhat similar 
appearing accumulation of starch granules about the nuclei in Ophiodcrma. 
However in our material the “granules” appear to exist in organic connec¬ 
tion with the large hyphae and we are inclined to favor the former inter¬ 
pretation. 

In view of the wide diversity of the hyphal morphology (cf. figs. 2, 4, 6, 
9) it seems likely that more than one species of fungus is represented. 
Furthermore our assumption that the association represented is actually 
mvcorrhizomatal and not simply pathological is based on a general com¬ 
parison with living forms. The dense tangles of mycelium shown in figures 
1 and 9 compare closely with many described living myeorrhizae and if the 
more or less ovoid bodies shown in figure 4 are true vesicles this adds con¬ 
siderable weight to their supposed myeorrhizomatal nature. It has been 
suggested that the fungus shown in figure 6 is similar to that found in some 
pines. 

Although the previously mentioned works of Weiss and Osborn as well 
as the present contribution must be considered only as introductory, the 
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evidence accumulated to date rather strongly evinces the existence of this 
type of association as early as Pennsylvanian times. In view of the already 
proven important part that myeorrhizae or mvcorrhizomata play in so many 
living plants it is to be hoped that the fossil record may continue to reveal 
significant fragments of their ancestral development. 

We are especially indebted to Dr. Arthur P. Kelley and Prof. P. R. (last 
for assistance in interpreting the fungi described here, although those 
authorities are in no wise responsible for the views that we have expressed. 
Botany Department, Washington University 
St. Loris, Missouri 
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SOME FOSSIL FUNGI FROM MINNESOTA 1 

0. 0. IlOSENDAHL 

Several years ago in the course of studying a collection of fruits, seeds, 
and other plant remains of Pleistocene age obtained from a deep well situ¬ 
ated near the village of Bronson in southeastern Kittson County, Minnesota, 
1 discovered a number of small clusters of brown sporangia-like bodies on 
branching thick-walled hyphae (fig. 1). The vegetable mixture in which 
they occurred had been recovered from clods of silt brought up in the slush- 
bucket in the process of drilling the well and had been freed of silt by wash¬ 
ing through a fine-meshed wire screen. Whether these clusters had been 
intimately associated with plant fragments or occurred scattered through 
the silt matrix was not ascertained. In no case, however, were they found 
in organic connection with fragments of roots, leaves, bark, or other veget¬ 
able material. Superficially the organism resembled a mold, but the thick- 
walled, irregular hyphae and the aberrant “sporangia” clearly indicated 
that it did not belong in the Mucorineae. After several unsuccessful attempts 
to get the organism identified or to obtain a clue to its possible relationship 
it was reluctantly put aside as probably indeterminable. Most likely it would 
have remained permanently shelved except for the kindly interest of Dr. (1. 
Bisby, of the Imperial Mythological Institute of Kew, who had seen a prepara¬ 
tion of the material, lie called my attention to a paper by Dr. E. J. Butler 
(1939) entitled “On the occurrence and systematic position of the vesicular- 
arbuscular type of mycorrhizal fungi,” which had been published a few 
weeks earlier in the Transactions of the British Mveologieal Society. 

In addition to his treatment of recent forms of the fungus (Rhizophapuft) 
Dr. IJutler also described and figured a representative of the group obtained 
from glacial clays underlying muskegs in the neighborhood of Edmonton, 
Alberta. A comparison of the Bronson well organism with Dr. Butler’s 
illustrations, further supported by the descriptive details, soon convinced 
me that it belonged to the same group as the one from the Alberta bogs. 2 

The Bronson well fungus was found at a depth of 88-89 feet. The vege¬ 
table layer in which it occurred appears to have been a forest floor, perhaps 
of a spruce-tamarack bog, judging from the abundant remains of these trees, 
together wtth northern bog mosses. That the site had passed through the 
successional stages from open water to bog is evidenced by the occurrence 

* This investigation has been aided in part hv a grant from the Graduate School of 
the University of Minnesota. 

2 In subsequent correspondence with I)r. Butlor he has confirmed this view after seeing 
a photograph of the Minnesota material. 
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of Humorous fruits of several species of Potamogeton, Nujas flex His, Zuni- 
chellia palustris , ftparganium curycarpum and of several speeies of mat- 
forming sedges. Over the vegetable layer rested the boulder day of the 
ground moraine of the last Wisconsin ice sheet, topped by 17 feet of glacial 
Lake Agassiz silt. The plant deposit therefore dates back to at least the last 
interglacial interval. 

A year or so after the discovery of the fungus at the Bronson well site it 
was again found in association with a plant-bearing stratum situated 36 feet 
deep in Lake Agassiz silt at Moorhead, Minnesota. The vegetable layer, re¬ 
ported to be nearly two feet thick, was encountered in the course of excavat¬ 
ing for a sewage disposal plant located on the banks of the Red River. The 
present banks of the river are considerably below the flat surface of the 
original Lake Agassiz bottom, yet according to Professor C. A. Ballard, of 
the Moorhead State Teachers’ College, the silt deposit overlying the vege¬ 
table stratum showed between 1800—2000 distinct varves. Leverett and Karde- 
son (1932) estimate that the River Warren, the outlet of Lake Agassiz, sub¬ 
sided some 8000 to 9000 years ago. On the basis of this estimate it is fairly 
safe to assume that the vegetable layer at Moorhead, buried 36 feet deep in 
the lake silt, was laid down at least 11,000 years ago. 

As with the Bronson well material, it was not established whether the 
fungus occurred only intimately associated with vegetable debris or if it 
was also distributed throughout the contiguous silt The latter possibility 
is suggested by the fact that it was also recovered from lumps of the sur¬ 
rounding silt which were* practically devoid of larger plant fragments. In 
any event, it was present in greater abundance than at the former site, but 
it occurred in identically the same form, i.e., in small isolated clusters of 
vesicles and hyphae (fig. 2). 

During the past year the same organism (fig. 3) was recovered from a 
layer of plant remains encountered at a depth of 110 feet in a well near the 
village of Jackson in southwestern Minnesota. Fruits and seeds of more than 
a dozen species of angiosperms have been identified from this deposit, sev¬ 
eral of which are identical with those from the Bronson and Moorhead sites. 
The well is located on the Altamont moraine of the late Wisconsin drift and 
glacial deposit is of considerable depth at this place. The plant-bearing 
stratum can therefore hardly be of later origin than the last interglacial 
interval. 

The fungus illustrated in Dr. Butler’s text-figure 2, A-D, came from the 
basal one inch of amorphous peat resting upon the blue clay. Professor 
Lewis, who submitted the specimens from the Alberta bogs to Dr. Butler, 
stated that fungus material of the same character occurs in the pure clay, 
sometimes associated with fragments of leaves and branches of Sphagnum. 
In material of more recent peat from the same region Dr. Butler found a 
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closely similar fungus, but which differed from the former in having smaller 
vesicles that showed no tendency to form second vesicles by proliferation 
into the cavity of the first. The mycelium and vesicles of this form are stated 
to resemble in all respects the common endophyte of modern plants and in 
one instance the organism was found in mvcorrhizal association with a root 
obtained at a depth of 3 dm. from the surface. It occurred throughout the 
peat down to a depth of 1.23 m. 

The conclusions Dr. Butler reached regarding the relation of the organ¬ 
isms occurring in the two strata is best stated in his own words, which are 
as follows: “That the fungi in the glacial clay and in the overlying more 
recent peat arc closely allied, there can be no question; except for the single 
fact that the older vesicles show proliferation they might be regarded as the 
same species. ’ ’ 

The specimens obtained from the three Pleistocene sites in Minnesota are 
morphologically indistinguishable (figs. 1, 2, 3). The hyphae are somewhat 
tortuous, thick-walled and pale yellow in color. They vary in size but are 
mostly 9-11 p in diameter. They are nonseptate, except for the rare occur¬ 
rence of a cross wall in the stalk of the vesicle. The branching is subdicho- 
tomous, at an obtuse angle (figs. 2, 3), and there are occasional short diver¬ 
ticula and frequent unilateral projections at irregular intervals. The vesicles 
vary in shape from ovate to short pear-shaped and subspherical. They range 
in size from 75 to 103 p in diameter and from 79 to 124 p in length. The 
average of a fairly large number of measurements is 89 x 97 p. Under 
medium magnification of a binocular dissecting microscope they appear 
dull brown in surface view, but in the sharp focus of a compound micro¬ 
scope the thick wall has a distinctly lemon-vellow color. Many of the vesicles 
were observed in open communication with the hyphae, but a few, appar¬ 
ently fully mature, were found occluded by a basal plug as shown in Dr. 
Butler’s text-figure 2-A, and in some by a septum a short distance down in 
the stalk. The formation of a second vesicle within the first by proliferation 
of the stalk, in the manner described by Dr. Butler, was not seen in any of 
the material, although two vesicles showed a closely similar behavior. In 

Explanation of figures 1-7 

Flos 1—8. Ithizopharjitcs buflrn. Flo. 1. (Muster of vesicles mid hyplinc from the 
Bronson well deposit, depth of 88-89 feet, x 50. Flo. 2. Smaller cluster from a layer of 
plant remains in Lake Agassiz silt at Moorhead, Mmesota, depth of 3(3 feet. A portion of 
a decaying root is shown at the right. \91. Fig. 3. Specimen from a well near Jackson, 
Minnesota, depth of 110 feet. The wall of the single vesicle is somewhat collapsed, a 91. 

Figs. 4-7. lihizophat/ncs mi/iitcsotntsis, showing several clusters of hyphae and 
vesicles, all obtained from an early Pleistocene deposit at Springfield, Minnesota. Fig. 4. 
Fungus in association with a root. > 91. Fig. 5. shows two vesicles intact but much 
blackened. *91. Fig. 6. shows a cluster of tangled hyphae and many vesicles, some of 
which are partly collapsed, x 50. Fig. 7. show's two vesicles from upper left-hand corner 
of figure 0, more highly magnified, also shows more clearly the variation in thickness of 
the hyphae and their manner of branching. \91. 
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most of the older vesicles the contents become surrounded by a second wall 
which merges with the original wall at the neck of the stalk as shown in 
figures 13 and 14, or it may even extend funnel-like a short distance down 
into the stalk. In the latter case a thin septum may or may not be present in 
the stalk. This second wall ultimately becomes nearly as thick as the outer 
one, and the thickening obviously begins at the distal end of the vesicle and 
progresses towards the base (fig. 2). In a few vesicles the contents appeared 
as a spherical mass surrounded by an evenly thick second wall without any 
visible connection or contact with the outer wall (fig. 3). These differences 
in the internal appearance of the vesicles probably denote only different 
stages of their development, yet the presence of basal plugs, and of septa in 
some vesicles and not in others, shows that structural variations occur. The 
proliferation of the stalk observed by Dr. Butler is probably a more pro¬ 
nounced manifestation of the phenomenon. 

Even though it has not been possible to duplicate in any of the Minnesota 
material this proliferating process, the organism otherwise agrees so com¬ 
pletely with that from the Alberta bogs that it is fairly certain the same 
species of fungus is involved. The fact that it occurred widely in similar 
habitats, i.e., in glacial clays associated with remains of other plants, and 
has not hitherto been observed in material of more recent origin, indicates 
that it represents a species that flourished under the conditions of the 
Pleistocene and which probably became extinct at the end of that period. 

While there is as yet no record of the certain occurrence of the species 
earlier than the last interglacial interval, evidence has recently come to light 
of the existence of the group at the beginning of the Pleistocene. This rests 
on the discovery two years ago of a very closely similar organism (figs. 4-7) 
in a piece of silt-imbedded peat that came from the line of contact between 
Cretaceous shale and Nebraskan till near the bottom of a preglacial gully 
on the property of the Ochs Brick Company at Springfield, in Brown 
County, Minnesota. 

The hvpliae of the fungus from this site are somewhat more irregular in 
form than the one discussed above (fig. 17), but they show the same char¬ 
acteristic branching, irregular projections, and color as the other. The 
vesicles are darker in color, less numerous, and considerably smaller (figs. 
4-6), ranging from 42 x 46 p to 58 x 61 jj. They show the same type of second 
wall formation within as described above (figs. 15, 16). Both hyphae and 
vesicles look somewhat battered as compared with those from the younger 
sites, but it is surprising that any structure so fragile could have endured 
so long in the compacted peat without complete collapse or disintegration. 
The peat in which the organism was found was made up largely of mosses of 
which the most abundant were Camptofhecmm woldenii, Campylhim stel- 
latum, Swartzia Montana , Scorpidium scorpioides , and Drepanocladus sp. 
It also contained pieces of wood and other plant fragments. 
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In a letter to the writer I)r. Butler states that he was exhorted by Pro¬ 
fessor W. II. Lang not to give the same generic name to a recent and a 
fossil fungus. However, not being completely satisfied that the fungus fig¬ 
ured in his text-figure 2 was a fossil, since it came from the amorphous peat 
overlying the glacial clay, he chose to assign it to a living genus under the 
designation of Rhizophagus sp. Because of the identity of the Alberta speci¬ 
mens with the Pleistocene material from the Minnesota sites, and further¬ 
more the occurrence at Springfield of another species of the same genus from 
the early Pleistocene, there is no longer any doubt about the fossil nature of 
the group. Accordingly, I am describing it as a fossil genus under the name 
Rhizophagites , suggested by Dr. Butler. 

Rhizophagites Rosendahl, gen. now Mycelium consisting of subdi- 
chotomously branched, more or less tortuous, nonseptate, thick-walled hy- 
phae, with unilateral projections, pale yellow to light brown in color and 
varying in thickness from 6.5 to 20.7 p, producing terminally ovate or short 
pyriform or subspherical, yellowish brown to dark brown vesicles, varying 
in size from 42 x 46 p to 103 * 124 p, with walls considerably thicker than 
the walls of the mature hyphae, vesicles at first in open communication with 
the hyphae, later becoming variously occluded by basal plugs or septa at 
the neck of the stalk or in the stalk or by a second wall forming around the 
contents, sometimes a second vesicle is formed within by proliferation from 
the stalk; contents made up of numerous granules, oil globules and a number 
of angular crystal-like bodies, vacuoles occasionally present. 

As here defined the genus consists of two species which may be distin¬ 
guished as follows: 

1. Vesicles light brown 7f> * 79 p to 103 < 124 p, liyplmc niodernteh tor¬ 
tuous, mostly 9-11 p in diameter. Jl. hutlcn . 

2. Vesicles dark brown 42 s * 4(> p to 3S ✓ 01 p, livpliae very tortuous and 

irregular, 0.2-20.7 p in diameter. ]{. mirutcsotrnsix. 

Rhizophagites butleri Rosendahl, sp. nov. Hyphae moderately tortu¬ 
ous, with numerous unilateral projections and occasional diverticula, pale 
yellow in color, 9- lip in diameter and unform in thickness except where the 
branching occurs, stalks of the vesicles about the same diameter as the rest 
of the hyphae, vesicles chestnut-brown in color, oval to subspherical, varying 
in size from 75 x 79 p to 103 x 124 p, average size 89 v 98 p, walls at the base 
of mature vesicles and walls of the neck of the stalks much thickened. 

Rhizophagites minnesotensis Rosendahl, sp. nov. Hyphae very tortuous 
and with few unilateral projections, yellowish brown in color, uneven in 
thickness, vary ing from 6.2 to 20.7 p in diameter, stalks of the vesicles thin 
and mostly elongated, vesicles dark brown in color, short pyriform to nearly' 
spherical, varving in size from 42 x 46 p to 58 61 p, average size 48 x 53 p, 
walls of mature vesicles not perceptibly thicker at the base. 

The collections of the first species from the Alberta bogs and Moorhead, 
Minnesota, are of late Pleistocene origin, having apparently been deposited 
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in the silt of glacial lakes fronting the last iee sheet (luring its recession. The 
material from the deep wells at Bronson and Jaekson dates back to the last 
interglacial interval. The collection of the second species is referable to early 
Pleistocene, being obtained from dense peat on the contact line between 
Cretaceous shale and Nebraskan till at Springfield, Minnesota. 

In the same peat material from which the second species of Rhizophagites 
was obtained, well preserved fruiting bodies of another fungus were discov¬ 
ered. The first specimen found occurred free and consisted of a tangle of 
dark brown liyphae and fifteen circular perithecia (fig. 8). A second but 
smaller specimen was found attached to the tip of a moss plant (Hypnnml ), 
but on account of the poor conditions of the temporary preparation it 
could not be determined whether any of the hvphae were in organic con¬ 
nection with the leaves and branches of the moss or were merely entangled 
in them. The dark brown circular fruiting bodies with a radiate cell struc¬ 
ture and a central pore (figs. 9, 18) suggested that the organism belonged 
to the Microthyriaceae, and my inclination was to regard it as probably a 
fossil species of the genus ]\Jicrothyrium, or in the event that the clusters of 
tangled hvphae belonged to the organism and represents free myeelia, then 
it might more properly be assigned to Calothyrium. On closer examination 
of the perithecia, however, it was discovered that they were not dimidiate 
but complete,•'* being provided with a well differentiated lower (fig. 19) as 
well as upper wall or membrane, the latter bearing a conspicuous central 
papilla with an apical pore (fig. 18). On account of the pressure to which 
they had been subjected under the load of glacial till they were very much 
flattened and in sectional view appear like a saucer with the central papilla 
rising slightly higher than the rim (figs. 12, 20). Except for the absence of 
asci and the dissolution of some of the delicate perielinal walls in both the 
upper and lower membranes the cell structure was found to be remark¬ 
ably well preserved. Fungi with perithecia of this type have been segregated 
into the famih Trichothyriaceae by Theissen (1914), and despite the fact 

•* I ain indebted to Miss Louise Posdnll of the Division of Plant Pathology, University 
of Minnesota, for helpful suggestions in placing the fungus. 

Explanation of figures 8-12 

Figs. 8—12. Trirhoihpnhs plcistocacmca. Fl(i. 8. (’luster of perithecia with a tangle 
of hvphae most of which belong to a li( rpolrichia like* form. (See text.) v 97. Fig. 9. 
Single perithecium more highly magnified. \ 22.1. Fig. 10. Single perithecium on a moss 
leaf. Hvphae are shown faintly outlined on the surface of the leaf. v 205. Fig. 11. Same 
perithecium moie highly magnified. *411. Fig. 12. Dross section of spruce leaf showing 
two perithecia in vertical section. Tile one on the left is broken open along the right hand 
margin. Epidermal cells of spruce leaf shown at 10 and fungal liyphae cross section at 71. 
X 230. 

All the material for photo-micrograph figures 1-11 was prepared by mounting un¬ 
stained in lactic acid and sealing the cover slips with (’larite. Figure 12 is from an unstained 
paraffin section. Wratten M plates and a Wratten medium yellow filter, together with a 
disc of daylight glass, were used in photographing. 
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that the living representatives of the family, so far as reported, occur almost 
wholly as parasites upon fungi of tropical flowering plants, the diagnostic 
characters set forth by Theissen would place the organism in this group. 
That it existed under cool or even cold conditions is clear from the fact that 
the peaty material from which it was recovered contained an abundance of 
spruce and tamarack needles, fragments of spruce wood and bark, and 
several species of mosses belonging mainly to the genera Hypmtm , Callier- 
(jon, Scorpidium , Camptothecium , iSwartzia, Ditrichum, and Hylocomium. 
Swartzia montana , which is characteristic of cold and subalpine places was 
encountered frequently and fruits of Potamogcton and achenes of two or 
three northern species of Carex were also fairly common in the plant debris. 

Attempts were next made to connect the fungus with a possible host and 
to that end all the material was carefully re-examined. The first clue obtained 
was the discovery of patches of dark brown fungal hvphae on many of the 
spruce leaves. A few of these patches were removed and mounted, and it was 
found that they consisted of a thin weft of interlacing hyphae with denser 
knots at regularly spaced intervals. Also, in a few of the preparations the 
above mentioned circular fruiting bodies were found more or less enmeshed 
in the tangle of hyphae. Some of the spruce needles were thereupon im¬ 
bedded in paraffin and cross sectioned, and it was revealed that the denser 
knots of the investing weft were situated directly above the stomata of the 
leaves, which explains their orderly arrangement in parallel rows observed in 
the free-hand preparations. These knots are composed of densely interwoven, 
crinkly hyphae and some of them attain considerable size and are nearly 
hemispherical in shape. The habit and structure suggest a species of 
Ilcrpotrichia , but in the absence of really diagnostic characters the identity 
of the organism necessarily remains in doubt. 

Sections that encountered the circular fruiting bodies showed these 
sometimes superimposed on the thin layer of investing hyphae (fig. 12) and 
occasionally over the knots, but in no case could any actual connection be 
made out between the perithecia and the underlying or contiguous hyphae. 
It is fairly certain that two different fungi are involved in the picture, but 
what relation, if any, they bear to each other is entirely problematic. In line 
with the reported fungicole habit of the group it is conceivable that the 
trichothyriaceous organism is parasitic upon the other fungus. However, 
doubt is thrown upon this assumption from the subsequent discovery of the 
actual attachment of hyphae and circular perithecia of the same organism 
to the stems 1 and leaves of mosses (fig. 10) occurring in the deposit. Both 
in surface view and in cross sections the hyphae were found to be closely 
appressed to the leaves and stems of the mosses and there can scarcely be any 
doubt about the fungus vegetating upon the moss plants, but whether as a 
parasite or as a saprophyte it is obviously impossible to say. The mycelium 



104.3 J 


ROSENDA1IL: FOSSIIL FUNGI 


135 


is sparse (fig. 10), the hyphae are all uniform, and there is no indication of 
another fungus being present on the moss as in the ease of the spruce needles. 
Connections between the mycelium and the perithecia could not be demon¬ 
strated, although in figure 11 a hvpha is shown still in contact with a 
perithecium. 



Fkjs. 13, 14. Vesicles of Jxlnzophaf/itcs butlrn from the Mooihcad mid Bronson well 
sites respectively. Figure 13 shows a thick second wall foimed around the contents and ex¬ 
tending into the neck of the stalk. Fkjs. lo, Id. Vesicles of Ttluzophapites mumcsottHsis. 
Fig. 17. Hvpha of same, showing variation in size and sub-dichotomous branching. Figs. 
18, 20. Tricholhitrifrx plvisiocaemca . Fig. 18. View of upper wall or membrane of peri¬ 
thecium showing radiate structure and central papilla with a definite ostiole. Fig. 19. 
Lower membrane, incomplete but with the central portion intact, showing a very regular 
radiate arrangement of the cells around a larger circular central cell. Fig. 20. Perithecium 
sectioned vertically but the section is to one side of the middle of the papilla. Note the 
small, thick-walled cells of the papilla and the finger-like process of one of the border 
cells of the ostiole. 

All figures were drawn with the aid of camera lucida to a magnification of x COO, 
reduced to half size in reproduction. 

The perithecia from the moss and the spruce needles appear completely 
identical. They are the same in color, size, and every detail of structure, even 
to the triehome-like cells (fig. 20) that fringe the opening of the papilla, and 
I am convinced that they belong to the same species of fungus. The fact that 
the organism occurs on such widely divergent hosts as spruce leaves (or 
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another fungus on the spruce leaves) and at least two different sp,ecies of 
mosses would indicate that it is a saprophyte, capable of living upon a 
variety of substrata in the litter of the Pleistocene bog. So far as it has been 
possible to ascertain, no existing fungus of this group has hitherto been 
reported from cool northern bogs, and the chances are that it represents an 
extinct species. There are several published reports of the occurrence of 
this general type of fungus during the Tertiary, ranging all the way from 
the Eocene to the Pliocene, and it is perhaps not without significance that 
at least three of the fossil finds were on needles of conifers. The first of the 
reports is by Pampaloni (1902), who described Microthyrites dysodilis from 
the Miocene of Sicily. Engelhardt and Kinkelin (1908), in their study of the 
upper Pliocene flora of the lower valley of the Main, reported the occurrence 
on Ilex leaves of a fungus with shield-shaped perithecia and a free mycelium 
which, on the interpretation of Dr. Mobius, they referred to Asterina (?) 
ilicis Ell. They pointed out, however, that because of the absence of spores 
the identification could not be considered as entirely certain. Their text- 
figure shows a perithecium with a slightly irregular margin and a small un¬ 
differentiated opening which suggests the absence of a true ostiole. They also 
found on Buxus leaves, in the same deposit, fruiting bodies of an Asterina- 
like fungus but without a free mycelium. Nathorst (1915) likewise referred 
doubtfully to Asterina a fungus obtained from cuticle preparations of 
leaves and twigs of Sequoia langsdorfii from the Tertiary of Elsmereland. 

In his “Nachtrage zur Tertiarflora Kchlesiens” Kriiusel (1920) re¬ 
counted the finding of round, shield-shaped bodies, about 70 p in diameter, 
in association with the leaves of Sequoia langsdorfii. On account of their 
being joined together by hyphal threads he concluded that these bodies 
belonged to a fungus, and he stated that they resembled in high degree the 
perithecia ( Gehausen) of the Microthyriaceae. He regarded them as being 
very closely similar to the form reported on Ilex leaves by Engelhardt and 
Kinkelin. It should be noted, however, that a perithecium illustrated by 
Kriiusel has a definite ostiole, an entire margin, and is composed of fewer 
but relatively larger cells than the one shown in the illustration of Engel¬ 
hardt and Kinkelin. According to Edwards (1922), Kriiusel’s material was 
of Miocene age. 

Two years after the publication of KrausePs paper, Edwards (1922) 
reported the discovery of a microthyriaceous fungus from the Eocene of 
Scotland. This too was obtained from conifer needles. The material ostensibly 
was in better shape than in the collections cited above, for it was described in 
much greater detail and was definitely disposed of as Phragmothyrites 
eocaenica. Edwards’ photomicrographic illustration of a mature perithecium 
is strikingly like the figure of the fungus that Engelhardt and Kinkelin 
referred doubtfully to Asterina ilicis Ell., and the close similarity in the 
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structure of peritheeia surest that the two probably belonged in the same 
genus. The assignment to Aster inn ilicis Ellis was unfortunate, however, since 
Theissen (1913) has subsequently shown that the latter belongs to the 
Discomyertes. 

In all of these reports identification was apparently based only upon the 
surface view of the fruiting bodies, but since it is next to impossible to 
determine from the surface aspect alone whether the peritheeia (ascomata) 
are dimidiate or complete, it is not certain that they all belong to the 
Microthyriaceae. KrausePs illustration of one of the circular bodies found 
in his fossil material bears a very close resemblance to the peritheeia of the 
Pleistocene fungus under discussion, and it is not improbable that the 
organisms involved are congeneric. Whether or not this is the case the Min¬ 
nesota material can not be referred to any of the previously named fossils, 
and 1 am venturing to describe it as a fossil genus belonging to the 
Trichothyriaceae. The existing genera of the family are segregated upon 
spore characters, and since spores are entirely lacking in all the material 
seen it can hardly be treated otherwise than a form genus for which the name 
Trichothyntcs seems the most appropriate. 

Trichothyrites pleistocaenica KoscndaliJ, gen. et spec. nov. Mycelium 4 
consisting of yellowish or brownish, branching, septate hyphae with oc¬ 
casional anastamoses, 5-6.7 |_i in diameter, individual cells (20) 28-33 
(41) p long, peritheeia dark brown to nearly black, circular or nearly so, 
disk-shaped, or because of slightly upturned margin shallow saucer-shaped, 
70-95 p in diameter, complete, with upper and lower membranes composed of 
radially arranged cells, upper membrane with a central papilla having a 
distinct pore or ostiole, marginal cells of membrane 4-5 p wide, 6-8 p long, 
(‘ells of papilla more nearly quadrangular and thick walled, several of the 
marginal cells of pore prolonged into finger-like processes, cells of lower 
membrane all thin walled and radiating from a circular central cell, asci and 
spores lacking. 

Found on leaves of Black Spruce in association with an unknown fungus 
and on two species of hypnaceous mosses, in an early Pleistocene deposit 
at Springfield, Minnesota. 

Department of Botany, University of Minnesota 
Minneapolis, Minnesota 
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ASAHINA’S MICROCHEMICAL STUDIES ON THE 
CLADONIAE 1 

Alexander W. Evans 

Asahina’s mierochemieal studies on Cladonia (and other critical lichen- 
genera) iiave made it possible for the taxonomist to demonstrate the pres¬ 
ence of numerous lichen-acids and allied substances without recourse to the 
complicated methods employed by the organic chemist. The results of these 
studies are given in several special articles and in two series of contributions: 
(1) Lichcnoloyischc Notizen (2, 8, 18), 2 the first number of which appeared 
in 1988; and (2) Mikrochemischer Nachweis dcr Flechfcmsloffc (1, 8 , 4, 5, 
6, 7, 9, 10, 12, 15), the first number of which appeared in 1936. Of the first 
series fifteen numbers have been published; of the second, eleven. Of the 
special articles the following have a direct bearing on North American 
C Union me: Ueber den Chern ism us der Flechten der Cocci ferae (11) ; Japan - 
ische Arfen der Cocci ferae (13) ; Cladonia veriicillaia Hoffm. and Cladonia 
Calycantha (Del.) Nyl. ans Japan (17); and Cladonia chlorophaca and 
vencandfe Arten (18). 

Asa hi mi's work up to 1938 has been reviewed by Sandstede in his sup¬ 
plement to Vainio’s monograph on the Cladonme (19), but there are few 
other references to it in the recent literature on lichens. It seems advisable, 
therefore, to bring to the attention of North American students the more 
important features of his methods and to summarize the results which he 
has already obtained. In doing this no attempt will be made to discuss the 
chemical structure of the various substances involved. Those interested in 
this aspect of the subject may consult Zopf ’s comprehensive study on lichen- 
substances (20) or Asahilia’s recent classification of these substances from 
a chemical standpoint (14). 

In order to demonstrate the presence of a definite lichen-substance in a 
specimen Asahina’s methods A and B (1, pp. 519, 520) are applicable in 
most instances. These methods involve two steps or processes. In the first 
step a portion of the lichen to be tested is placed on a slide and extracted 
by means of a volatile solvent, such as acetone or chloroform, applied drop 
by drop; and care must be taken to avoid an excess of the solvent, otherwise 
the solution Avill spread over too large an area. In the case of the Cladonme 
either the primary squamules or the podetia may be investigated. If the 

1 Contribution from the Osborn Botanical Labortorv. 

2 The numbers refer to the bibliography at the end of this paper. The only titles listed 
are those which refer, directly or indirectly, to species of Cladonia known to occur in 
North America. 
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podetia are small it may be necessary to use two or more, but if they are 
large a single podetium or even a portion of a podetium will be sufficient. 
Upon the evaporation of the solvent and the removal of the lichen-sample, 
a dry extract is left on the slide, usually in the form of a whitish or yellowish 
coating or crust, in which as a rule little of a definite nature can be distin¬ 
guished under the microscope. 

The material is now ready for the second step. This involves the use of a 
second solvent, from which the substance or some compound of the substance 
will crystallize out in a recognizable form. A drop or two of the solvent should 
be placed on the dry extract and a cover-glass applied. Then, in order to 
facilitate the solution it is usually necessary to apply a gentle heat, and 
Asahina recommends for this purpose a microflame, either of a gas burner or 
of an alcohol lamp. If care is taken, however, a lighted match may be suffi¬ 
cient. As the preparation cools the crystals gradually make their appearance. 
This may take place after a few minutes but may require an hour or more in 
the case of certain subtances. The solvents used in carrying out the second 
step include the following, designated by the abbreviations which Asahina 
employs (1, p. 519; 3, p. 860; 4, p. 529):— 

G.A.W., one part each of glycerine, alcohol, and water; 

G.E., one part glycerine and three parts glacial acetic acid (Eisessig); 

G.W.Py., one part glycerine, three parts water, and one part pyridine; 

G.A.Q., two parts glycerine, two parts alcohol, and one part quinoline; 

G.A.An., two parts glycerine, two parts alcohol, and one part aniline; and 

G.A.o-T., two parts glycerine, two parts alcohol, and one part ortho-toluidine. 

These various solutions, together with the acetone and the chloroform, 
should be kept in small bottles, the necks of which arc closed with rubber 
medicine-droppers. By this means the reagents may be applied drop by 
drop, and the danger of adding an excess can be avoided. 

Although most of the substances to he tested for are readily soluble in 
cold acetone, a few require hot or even boiling acetone before they can be 
brought into solution. Since acetone is inflammable and boils at a relatively 
low temperature (about 56° 0) the heat must be carefully applied. Asahina 
(4, p. 530) recommends for this purpose a glass tube about 10 cm. long and 
8 mm. in diameter. The lower end of this tube is gradually narrowed to a 
diameter of about 2 mm., and the narrowed portion is curved back in such a 
way that it lies parallel with the main tube, except at the free end, which is 
curved outward. This apparatus thus resembles, as Asahina points out, a 
miniatiire burette of the Gay Lussac type (see 4, /. 33-35). The lichens or 
lichen-fragments to be extracted are pressed down into the tube, covered 
with acetone, and heated over a microflame. In doing this the tube should be 
held obliquely and care should be taken not to expel the contents by applying 
the heat too abruptly. After the acetone has boiled gently for a minute or 
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two the contents of the tube should be poured out through the narrow end 
upon a slide and allowed to evaporate to complete dryness. The extract thus 
obtained, which tends to spread out over a considerable surface, should be 
scraped together by means of a scalpel before proceeding to the second step 
in Asahina’s method of crystallization. 

The crystals of certain lichen-substances are large enough to be recog¬ 
nized under the low power of the microscope, but the high power is neees- 
sary in most cases to bring out their distinctive features. There are a few 
substances, in fact, in which the crystals are so very minute that they can 
be easily overlooked. If the presence of a given substance is suspected in a 
lichen and if negative results are obtained at the first trial, a second or even 
a third extraction may be advisable before deciding that the substance is 
absent. It must be kept in mind also that the presence of certain substances 
may make the demonstration of other substances by microchemical methods 
difficult if not impossible. 

At the present time 19 lichen-acids and related substances, which can be 
demonstrated by Asahina’s methods, have been reported in the (>ladoniac . 
These substances, which are arranged below in alphabetical sequence, will 
now be considered with respect to the following data: (1) the distribution 
of the substance among the various North American species of the genus; 
(2) the reagents to be used in its demonstration; and (3) the characteristic 
features of the crystals obtained. In this resume many of the reactions 
described by Asahina are omitted and the attempt is made to emphasize 
those of the most practical importance from the standpoint of tin* taxono¬ 
mist. Additions to the list will doubtless be made in the near future. 

1. Atronorine. This substance is widely distributed among the lichens 
and has been reported in the following species of Cladoniu: (\ cacspiticia 
(Pers.) Floerke. ('. cariosa (Ach.) Kpreng., (\ Eransii des Abbayes, C. fur - 
cat a (Hilda.) Schrad., (\ gracilis (L.) AVilld. var. clongala (Jacq.) Floerke, 
(\ major (Hag.) Sandst., (\ papillana (Ehrh.) Iloffm., C. rangifcrina (L.) 
Web., (\ raugiformis 11 offm., and C. sgmphgcarpia Floerke. It will be 
noticed that none of these species are red-fruited. Atronorine is negative 
with V A but gives a pale lemon color with K, very different from the dee]) 
yellow produced by thamnolic acid. In species with persistent primary 
squamules the reaction with K shows particularly well if the reagent is 
applied to the chalky lower surface. 

Perhaps the best way to demonstrate atronorine microchemicallv is to 
extract the lichen-sample with acetone and to apply the U.A.o-T. solution 
to the dry residue. If the preparation, after careful heating, is examined 
under the microscope slender yellow crystals are soon seen to make their 

3 The abbreviation “ P ” stands for paraphonylcnediainine, the abbro\iation “K, ” 
for potassium hydroxide. 
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appearance (see Asahina, 4, p. 535, /. 43, pi. 2, f. 6). These are in the form 
of very narrow plates with parallel sides and may present the appearance of 
needles if seen on edge. The crystals, if occurring? singly, are usually vari¬ 
ously curved or contorted and show more or less irregular branching at 
their ends. They are most characteristic, however, when they form radiating 
clusters. Under these circumstances the crystals tend to branch repeatedly 
at their free ends and to give rise to intricately interwoven (dusters of thread¬ 
like elements. Another excellent method of demonstrating atronorine is by 
treating the dry acetone extract with a saturated solution of barium hydrox¬ 
ide (3, p. 961, /. 15). After heating gently the barium salt crystallizes out in 
the form of dense spherical clusters of delicate yellow lamellae, which look 
like fine needles if examined casually. 

2. Bakomycio acid. This acid, which was first isolated from Bacomyccs 
rose us Pers., has been found by Asahina in a single species of CIadovia , (\ 
strcpsilis (Ach.) Vainio (9, p. 652), and is responsible for the yellow color 
which this species shows upon treatment with P. The pure acid yields char¬ 
acteristic crystals with various reagents and the same results can be obtained 
with the acetone extract of the Bacomyccs. The G.A.Q. solution, for example, 
brings about the formation of minute, very pale yellow, thin rhoinboidal 
plates, occurring singly or in irregular groups. In some cases, as shown by 
one of Asahina’s figures (9, /. 84) the ends of the rhombi are shortly trun¬ 
cate, but the majority are regularly formed (9, pi. 5, /. .7). The presence of 
strepsiline, unfortunately, which accompanies the baeomveic acid in C. 
slrepsitis , interferes with its crystallization, and Asahina gives no method 
by means of which the strepsiline can be first separated. 

3. Barbatic acid. Barbatie acid w 7 as first extracted in 1880 from material 
which had been determined as Usnca barbata (L.) Wigg., but the identity 
of this material is still in doubt. At a later date Zopf (20, p. 238) reported 
the occurrence of the acid in several other lichens, including V. ccratina 
Ach. and Alectoria ochroleuca (Ehrh.) Nyl. Asahina (3, p. 870) has shown, 
however, that the acid present in these tw r o species is not barbatic acid but 
diffractie acid, a substance first isolated from the Japanese V. diffrata 
Vainio. The distribution of barbatic acid, therefore, among the species of 
Vsnca and Alectoria awaits further investigation. In the genus Cladonia 
barbatic acid lias been reported as a definite component of the following 
species (see 11, p. 24) : C. amaurocraca (Floerke) Schaer., C. bacillaris 
(Ach.) Nyl., C. cocci f era (L.) Willd., C. eristatella Tuck., C. didyma (Fee) 
Vainio, C. Floerkeami (Fr.) Floerke, and C. macilvnta Hoffm. Tt will be 
noted that all of these species, with the exception of C. amaurocraca , are 
members of the section Cocci ferae. Barbatic acid, as shown by Asahina (3, 
p. 868, and 5, p. 856), is indistinguishable from the coecelic acid of Hesse 
and from a substance distinguished by Zopf (21, p. 55) under the name 
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conomycine. Both of those substances were listed by Zopf under most of the 
species enumerated above. 

For the demonstration of barbatic arid, which is not difficult, either the 
G.E. solution (3, p. 868) or the G.W.Py. solution (5, p. 856) may be applied 
to the dried acetone extract. If the G.E. solution is used the acid, after 
gentle heating, will appear in the form of short, refractive, colorless rhombic 
prisms or rectangular lamellae (3, /. 27 ), associated in some cases with boat¬ 
shaped prismatic structures having pointed ends (5, pL 5, /. ,7). The crystals 
obtained by means of the G.W.Py. solution, likewise after careful heating, 
are perhaps even more satisfactory. These crystals are in the form of color¬ 
less, narrow, four-sided lamellae (5, /. if, pi. 5, f. 1). Tn their most typical 
condition they are oblique at the ends and rhombic in outline, but the ends 
may be square or angled, in the latter case showing a combination of the 
oblique and square conditions. The most characteristic crystals, however, 
are united in pairs, and it is usual for one or both members of the pair to 
project beyond the line of junction. Twin crystals of this type can readily 
be found in most preparations and are particularly striking if the line of 
junction is relatively short and if the crystals project in opposite directions. 

4. Bellidiplomnk. Zopf, who isolated belJidifiorine from the northern 
( 1 Utdonia b<Hidiflora (Aeh.) Schaer. in 1907 (20, p. 332), was unable to find 
it in any other member of the genus (21, p. 108). Asahina, however, demon¬ 
strated its presence in the following North American species, all belonging 
to the section ('occifrnic (11, p. 24; 14, p. 603): (\ diyitata (L.) Iloifm., 
C. deformis Ilotfm., ('. vndoxantha Vainio, V. yonrvha (Ach.) Asahina (a 
recent segregate from (\ dr form is), (\ mcrassata* (\ leporina Fr. (13, p. 
604), (\ inacihnta , ('. plnn'ofa (Floerke) Scliaer., and ('. poly dactyl a 
Floerke. In a few of the species bellidiflorine occurs only as an “accessory“ 
substance, i.e., it is not invariably present. 

Bellidiflorine dissolves with difficulty in cold acetone but readily passes 
into solution if the solvent is boiled. The method described on page 140 should 
therefore be employed. If the dried extract thus prepared is treated with 
the G.A.An. solution and gently heated (10, p. 771), the very characteristic 
crystals of the aniline salt are obtained. These crystals do not make their 
appearance 1 immediately but only after a considerable time. They are in the 
form of minute, six-sided lamellae (10, /. 99* pi . 6\ f. /), which show’ a brown¬ 
ish yellow 7 or brownish green color. In most cases the sides of the hexagons 
are equal, but some irregularity is to be expected. 

5. Ckyptooi-iIjOKOPIiaeic ac id. According to our present knowledge this 
acid is confined to Cladonia cryptochlorophara Asahina, a recent segregate 
from C. chlorophaca (Floerke) Spreng. (see 18, p. 710). 

4 The uuthoriticH for specific names are given only when the species are first men¬ 
tioned. 



144 


BULLETIN OF THE TORREY CLUB 


[ Vol. 70 


The dry extract obtained by treating podetia of C. crypt ochlorophaca 
with acetone is abundant, somewhat opaque, and more or less tinged with 
yellowish or brownish in transmitted light. It consists in most cases of several 
concentric bands and shows at the periphery a series of rounded projections. 
If the Gr.A.W. solution and gentle heat are applied to the extract the prepa¬ 
ration forms upon cooling the characteristic colorless crystals of crvpto- 
ehlorophaeic acid, which are in the form of long and exceedingly fine needles. 
When these occur singly they tend to be more or less curved, and both 
extremities become repeatedly subdivided. It is more usual, however, for the 
crystals to be arranged in dense, radiate clusters around a central point (18, 
pi. I, /. 1 ). Under these circumstances they remain undivided at their at¬ 
tached ends but branch repeatedly at their free ends, the branches becoming 
finer and finer. In this way circular aggregates of crystals may be formed. 
These bear a certain resemblance to the crystal-aggregates which atronorine 
forms in the G.A.o-T. solution, but the latter are distinctly yellow, their 
larger elements are in the form of narrow bands, and their finer branches 
tend to be more intricately interwoven and distorted. 

6. Didymic acid. Asahina announced the discovery of didvmic acid in 
1939 (11, p. 32) and demonstrated its presence in the following North Amer¬ 
ican species of Cladowia , all belonging to the section Cocciferae: (\ crista- 
tella , C. didyma , C. leporina , and C. vulcanica Zolling. A short time later 
he added C. ivcrassata to the list (12, p. 467) and showed that his didvmic 
acid was identical with the inerassatic acid of Zopf. The species in which 
didymic acid has so far been found are all members of the section Cocci ferae. 

The acid is readily soluble in acetone, and distinctive crystals arc ob¬ 
tained if the dried extract is treated with the G.E. solution and gently 
heated. It is advisable to use for this purpose a sufficiently large lichen- 
sample. The crystals, which gradually appear after cooling, are colorless 
and in the form of long and narrow rhombic lamellae with oblique ends (12, 
/. 100). Many of the crystals, if seen on edge, present the appearance of 
needles, slightly thicker in the middle and tapering to long points. The 
crystals occur singly, in irregular groups, or in radiate or penicillate clusters 
(12, pi. h /. 1). Excellent results may be obtained also if the extract is simi¬ 
larly treated with the G.A.W. solution. The crystals resulting from this 
treatment are similar to those just described (12, pi. /, /. 2) but, in the 
writer’s experience, even more slender and needle-like. Radiate clusters of 
these crystals are frequent, although irregular groups and single crystals 
also occur abundantly. Asahina emphasizes the fact that the crystals may 
be curved or hook-like at the ends. He figures also abnormal N-shaped crys¬ 
tals with the ends variously subdivided (12, /. 101). 

7. Fumarprotocetraric acid. Zopf (20, p. 173) notes the occurrence of 
this bitter substance in several genera of the lichens, but it seems to be espe- 
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cially widely distributed in the genus Cladonia. Even here, however, it is 
restricted to the submenus Vladina and the subsections Chasmariae and 
Clausae. It is therefore lacking in all red-fruited species and in the subsec¬ 
tion Vnciales. Fumarprotocetraric acid may be regarded as the characteristic 
acid, or as one of the characteristic acids, in the following North American 
species: ('. borbonica (Del.) Nyl., C. caespiticia , C. calycantha Del. (16, p. 
469), (\ chloroplmca , (\ clavnlifcra Vainio, C. coniocraea (Floerke) Hpreng., 
C. conista (Ach.) Robbins, (\ cornutoradiata (Coem.) 8andst„ C. fimbriata 
(L.) Fr., C. fvrcata (Iluds.) Schrad., C. gracilis , C. major , (\ matcocyatha 
Robbins, C. mil ml a Tuck., (\ multiformis Merrill, (\ piiyrca (Floerke) Fr., 
(\ pyxidafa (L.) lloffm., (\ ranyifcrina , V. scabriuscula (Del.) Leight., C. 
sylvatica (L.) Hoffm., (\ tenuis (Floerke) Harm., and (\ verticillata 
(Hoffin.) Schaer. It occurs also, as an accessory substance, in (\ cryptochloro - 
phaca , (\ Urayi Merrill, (\ mcrochlorophaea Asahina, and C. nemoxyna 
(Ach.) Nyl. 

For the demonstration of fumarprotocetraric acid the negative reaction 
with K and the distinctly red color produced by P are usually sufficient. If, 
for any reason, doubt should arise Asahina’s mieroehemieal methods may 
be employed. He recommends, in the case of (\ furcata , for example (9, p. 
659), the extraction by acetone diluted with 15 per cent of water. The mate¬ 
rial should be boiled in this mixture and the dried extract should be treated 
with the G.A.An. solution. After careful heating and subsequent cooling 
the aniline compound will crystallize out in the form of long and fine yellow 
needles, variable in length and arranged in radiating cluster. These as a 
rule do not form complete circles but show the needles distributed in two or 
more sectorial groups. 

8. (Ikayanic acid. This acid represents the characteristic constituent of 
('. Grayi , as now defined by Asahina (see 18, p. 713), and occurs also in 
C. borbonica (18, p. 717). When Asahina first extracted gray an ie acid he 
considered it identical with the chlorophaeic acid of Zopf (12, p. 468) but 
apparently now regards the latter as an impure substance. 

If a podetium of (\ Grayi is treated with acetone the dried extract 
already shows definite, needle-like, colorless crystals of grayanic acid. At the 
periphery of the preparation these usually occur in spreading or radiating 
groups, but in many cases they are free from one another and irregularly 
scattered (12, pi. /. «?). In cases of doubt the application of the G.A.W. 
solution, followed by gentle heating, will bring about the appearance of 
longer and exceedingly fine needles, forming definite radiate clusters or 
irregular groups (12, pi h /. 5). 

9. Homosekikaic acid. Asahina first produced this acid synthetically and 
then demonstrated its presence in Japanese material of C. pityrea (7, p. 
249). It is apparently an accessory substance in this species, since it has 
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not yet been found in European or North American specimens. In C. 
nemoxyna, however, homosekikaic acid is the characteristic substance pres¬ 
ent and is identical, as Asahina soon showed, with the nemoxynic acid of 
Zopf (8, p. 251). 

In order to prove that homosekikaic acid is present Asahina’s directions 
(7, p. 250) should be carefully followed. The dried acetone extract, as he 
points out, presents a varnish-like appearance, and he directs that this 
extract should be scraped together into a compact mass. To this a cover- 
glass smeared with the G.A.o-T. solution should be directly applied. If the 
preparation is then studied, without heating, under the microscope, one or 
more yellowish oily masses will soon be seen to make their appearance and 
in these the crystals of the ortho-toluidine salt will quickly be visible. These 
are in the form of exceedingly thin hexagonal plates, which occur singly or 
in lamellate clusters (7, pi. f, /. 6). The sides of an individual plate are, in 
most cases, unequal in length. 

10. Merochloropiiaeic acid. At the present time this acid is known only 
in C. merochlorophaea , a recent segregate from C. chlorophaea (18, p. 710). 
A sufficient amount of extract for testing can usually be obtained if a single 
podetium of (\ merochlorophaea is treated with acetone, but two or more 
may be necessary if the podetia are unusually small. The extract presents a 
varnish-like appearance, and Asahina (18, p. 712) recommends further 
treatment with the G.E. solution, followed by gentle heating and subsequent 
cooling. The crystals which now appear usually radiate out irregularly from 
a central area and are in the form of thin colorless lamellae, with parallel 
sides and oblique ends, the acute angles of which measure about 50°. The 
angles of course appear less if the lamellae do not lie flat, and the crystals 
may look like needles if seen on edge. 

11. Norstictic acid. This name was given by Asahina and Yanagita to 
a substance obtained from Lobaria pulmonaria (L.) Iloffm. (9, p. 655). It 
has since been found in Parmelia acetabulum (Neck.) Duby, in Usnea 
japonica Vainio, and in Gladmiia subcariosa Nyl. The acid is responsible for 
the deep red color which the Cladonia shows upon the application of Iv. 

Norstictic acid is readily soluble in acetone, and perhaps the easiest way 
to demonstrate its presence microchemically is to treat the dried extract with 
a solution of potassium carbonate in the presence of K. Asahina recommends 
for this purpose a 10 per cent solution of K 2 C0 3 plus a 5 per cent solution 
of KOH. The potassium salt will then appear,* especially after heating, in 
the form of short straight needles, yellowish red to red in color. These occur 
either separately or variously grouped and may form radiate clusters. An¬ 
other solution which gives excellent results is the G.A.o-T. solution. If this 
is added to the dry extract pale yellow crystals will appear, especially after 
heating, in the form of exceedingly thin, four angled lamellae (9, /. 90), 
occurring singly or in irregular groups. 
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12. Pkklatolio acid. This substance, first extracted by Asahina and 
Fujikawa from Purmelia ccfrari aides Del. var. typica DR. (6, p. 40), has 
recently been demonstrated also in tw r o North American species of Cladonia , 
r. Eransii and C. impejra Harm. (15, p. 186, 189). The acid can be readily 
detected by treating the dry acetone extract with the G.A.Q. solution, fol¬ 
lowed by gentle heating. Upon cooling the characteristic crystals will appear, 
in some cases only after several hours, in the form of dense radiating clusters 
of colorless, exceedingly fine straight needles (15, /. 3). As a rule only one 
or a very few such clusters are present in a single preparation. 

13. Psoromic acid. Although widely distributed among lichens in general 
(20, p. 198) psoromic acid has been reported from very few species of 
Cladonia. At the present time, in fact, C. alpicola (Flot.) Vainio and C. 
alpestris (L.) Kabcnh. f. alter runs des Abbaves are the only North American 
forms that can be definitely cited from the literature 4 (21, p. 87; 2, p. 804; 
9, p. 656; 15, p. 190). 

Lichens containing psoromic acid are negative or nearly so with K but 
give a deep yellow* color with 1\ Extraction with acetone takes place readily, 
and if the dried residue is treated with the G.E. solution and gently heated 
the psoromic acid will crystallize out upon cooling in the form of penicillate 
or radiate clusters of fine colorless needles (9, /. 52). As Asahina points out 
these clusters may be large enough to be visible with the naked eye. 

14. Kquamatic acid. This substance is apparently restricted to the Cla- 
daniae. It was first extracted from C. squamosa (Scop.) Hoffm. but is now 
know’ll also in the following additional North American species (21, p. 106; 
11, p. 24) : (\ bvllidiflora , C. caespilicia , C. cenatea (Acli.) Schaer., C. cris - 
pafa (Ach.) Flot., C. dehvata (Elirh.) Floerke, C. glauca Floerke, C. 
tjoneeha , C. iucrassafa , C. strepsilis. It may be noted that some of these 
species are red-fruited and others brown-fruited. 

Since squamatie acid is only slightly soluble in cold acetone but more 
readily so in hot acetone, Asahina’s burette-like tube is advisable for its 
extraction. If the residue thus obtained is treated with the G.E. solution and 
gently heated, the acid will crystallize out upon cooling in the form of 
minute, colorless, rhombic plates or truncated, rhombic, double pyramids 
(6, /. 5H). In many cases small groups of crystals coalesce in various ways 
and thus form irregular compound crystals. The red-fruited species listed 
above contain usnic acid as well as squamatie acid, and Asahina recommends 
in such cases the use of the G.A.An. solution. In this solution the aniline salt 
of squamatie acid appears in the form of colorless rhombic prisms (10, /. 99). 

15. Stictio acid. The extraction of stictic acid from Lobaria pulmonaria 
(Siicta pulmonaria Ach.) w T as made nearly a hundred years ago (20, p. 204), 
and the substance has since been found in the genera Parmelia , Ramalina , 
and Stcreoeaulon (7, p. 655). Although there are no reports in the literature 
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of its occurrence in the genus Cladonia , Asahina (in a recent letter) notes 
its presence in one of the North American species. It is accompanied by 
norstictic acid, and he has already pointed out that these two acids are not 
infrequently produced by the same species (7, p. 655). Since Asahina has 
not yet published his observations on the Cladonia in question no further 
details can be given here. 

The demonstration of stictic acid follows a familiar pattern. The lichen- 
sample is first extracted with acetone, and the residue left after evaporation 
is treated with the G.A.o-T. solution and carefully heated. Upon cooling 
characteristic crystals make their appearance. They are in the form of ex¬ 
ceedingly thin, hexagonal lamellae, the sides of which in most cases are equal 
(7, /. 89). According to Asahina the crystals are yellow, but the color may 
be so pale that they appear colorless. The crystals occur singly or in indefi¬ 
nite overlapping groups, and the surface shows a series of irregular lines or 
other markings. 

16. Strepsiline. This substance, according to our present knowledge, is 
confined to C. streps ilia. When the squamules or podetia of this species are 
treated with chloride of lime a more or less distinct green or bluish green 
color is produced, and students of the genus have regarded this color as a 
proof that strepsiline was present. Asahina's microchemical methods, how¬ 
ever, give more trustworthy results, since the color-reaction is not always 
clear. He directs (12, p. 469) that the specimen to be tested should be 
extracted with acetone and that the residue obtained after drying should 
be treated with the G.E. solution and carefully heated. Upon cooling the 
crystals of the strepsiline gradually make their appearance. These crystals 
are colorless and minute and in some cases very scantily produced. They are 
therefore easily overlooked and it may be necessary to make two or more 
extractions before a successful demonstration is obtained. The crystals (20, 
f. 58; 12, pi. 1 , /. 6) are in the form of rhombic plates, which may, if suffi¬ 
ciently thick, show a pale brownish tint. The acute angles of the rhombic 
faces measure 68°, and the surface is usually marked with a series of fine 
parallel lines. The crystals occur singly or unite to form compound crystals 
of various forms. The most characteristic of these appear split at one or both 
ends, with the free portions diverging from each other. 

17. Tiiamnolic acid. This acid derives its names from Thamnolia vermic¬ 
ular is (Sw.) Ach., in which it was first found. It is now known to occur 
also in several other lichen-genera and in the following North American 
species of Cladonia (9, p. 651; 10, p. 768; 11, p. 24) : C. deli cat a, C. digitata , 
C . endoxantha, C. macilenta , C. polydactyla , C. Kavenelii Tuck., C. santensis 
Tuck. (C. persquamulosa Merrill), and C. snbsqvamosa Nyl. The red-fruited 
species in this list belong to the subsection Subglauccscentcs ; the brown- 
fruited, to the subsection Chasmariae. Several other species, not yet recorded 
in the literature, will probably be added to the list in the near future. 
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The presence of thamnolie acid is shown by the bright yellow color pro¬ 
duced by lv, together with the deep orange or red color produced by P. To 
demonstrate the acid microcliemically extraction with hot acetone is advis¬ 
able, since cold acetone is almost inactive as a solvent. For further treatment 
the O.A.An. solution (9, p. 651) is especially to be recommended. This should 
be added drop by drop to the dry residue and careful heat applied. The 
preparation will then assume a deep yellow color, accompanied by the pro¬ 
duction of bubbles of C0 2 , and characteristic crystals will make their appear¬ 
ance upon cooling. These are in the form of fine yellow needles, grouped 
together in dense radiate or fasciculate clusters (9, pi. .1, /. /). 

18. Usnic acid. As the name implies usnic acid was first demonstrated in 
the genus Usnca. Now, however, it is recognized as one of the most widely 
distributed of the lichen-acids, and Zopf (20, p. 102) notes its occurrence 
in nine distinct families. In the genus Cludonia the acid represents the char¬ 
acteristic substance or one of the characteristic substances in the following 
North American species (21, p. 106; 11, p. 24): C. alpestris, C. impexu, (\ 
mil is Sandst., C. spiral ica , and ('. tennis, representing the subgenus Cladina; 
C. bell uliflora, C. cocci f era, (\ cnstatella, C. deform is, C. gonecha, (\ in- 
crassata, C. leporina, and ('. plenrota, rej)resenting the subsection Stramineo - 
flaridae of the section Cocciferae; C. amaurocraea, C. Bor pi Tuck., C. caro- 
liniana . (Scln\ein.) Tuck., and (\ nncialis (L.) Web., representing the 
subsection Cnciales; C. foliacea (Huds.) Willd/’ and (\ epanipes (Kommerf.) 
Vainio, representing the groups Fohosae and Ochrolcucae, respectively, of 
the subsection Clausae. It occurs also, as an accessory substance, in C. bacil - 
Ians and C. Floerkeana, representatives of the subsection Snbplaucescentes 
of the section Cocciferae (13, p. 603). It will be seen that the foregoing list 
includes no representatives of the large subsection Chasmariae or of the large 
groups Podostelides and Thallostelides of the subsection Chtusae. 

Lichens containing usnic acid tend to show a more or less marked yellow¬ 
ish tinge, although this is by no means invariably the case. They are negative 
with both K and P (unless certain other acids are present also), but turn 
distinctly yellow with chloride of lime, especially in the presence of K. The 
extraction of the acid for microchemical study can be made with either 
acetone or chloroform, but the latter is perhaps preferable because it leaves 
certain other lichen-substances uiulissolved. The extract obtained from either 
solvent is pale yellow and crystalline in appearance. Further treatment, 
however, is necessary in order to produce satisfactory crystals of the acid 
and for this purpose the G.E. solution yields excellent results (3, p. 863). 
After careful heating and subsequent cooling these crystals gradually make 
their appearance and can readily be seen under the low power. They are in 

•"» The occurrence of the true C. foliacea in North America is open to question, but a 
closely allied species is not infrequeht. 
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the form of yellow needles or narrow lamellae with parallel sides, the ends 
of whieh are obliquely cut off or taper to long points. The crystals occur 
singly, in indefinite groups, or in loose radiating clusters (3, /. 17). 

19. Zeokine. Zeorine was first extracted from some species of Zeora , which 
is regarded at the present time as a synonym of Lecanora. It is now known 
also in various other genera of the Leeanoraeeae, in two genera of the Physci- 
aceae (20, p. 53), and in two red-fruited species of Cladonia, C. defer mis 
and C. plenrota . If a podetium of one of these species is extracted with 
acetone, a residue is left which yields characteristic crystals upon further 
treatment with the CJ.A.An. solution (10, p. 770). As in other cases heat 
should be carefully applied to the preparation, which should then be allowed 
to cool. The crystals (10, /. 97) are minute, colorless, and highly refractive. 
The most typical are in the form of truncated, hexagonal, double pyramids. 
Tf such a crystal is viewed from above it shows a regular hexagonal outline, 
and a second hexagon can be distinguished at a higher level by careful 
focusing. Other crystals are in the form of complete, broad or narrow, 
liexagonhl pyramids, and the latter not infrequently show a broader equa¬ 
torial band. In some cases the sharply angled crystals are accompanied by 
irregular crystals in which the angles are rounded or otherwise indistinct. 

Microchemical methods for the detection of certain lichen-substances 
found in the Cladonia e have not yet been described and may not be appli¬ 
cable. These include the following: eervicornie acid, found in the brown 
apothecia of certain forms of C. verticillata (21, p. 84) ; destrictic acid, 
found in the apothecia and spermagonia of the European C. dcstriclu Nyl. 
(20, p. 331); fimbriatic acid, found in C. fimbriata and C. major (20, p. 
107); rangiformie acid, found in C. mitis (19, p. 91) and C. ran gif arm in 
(21, p. 106); and rhododonic acid, found in the apothecia of the red-fruited 
species (21, p. 55). 

Asahina’s microchemical investigations afford a new method of attack 
for the taxonomist by enabling him to determine many chemical features 
of lichens with comparative ease. They do not settle, however, the contro¬ 
versy regarding the significance of chemical differences from a taxonomic 
standpoint. Some writers regard such differences, if constant, as important 
as morphological differences; others assign them a secondary value and 
accept them only when supported by morphological differences; still others 
consider them of no taxonomic significance whatever. Which of these views 
will ultimately prevail must be left for the future to decide. 

Yale University 

New Haven, Connecticut 
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OBSERVATIONS ON THE CULTURE OF HEMITRICHIA 
VESPARIUM, WITH SPECIAL REFERENCE 
TO ITS BLACK PLASMODIAL COLOR 

Ruth N. Nauss 

The distinguishing characters and habits of individual species of Myxo- 
mycetcs during the entire vegetative period have rarely been reported in 
the literature. This is due principally to the fact that most of them vegetate 
within their substrata (Lister 1925), making it difficult to obtain their plas- 
modia for observation and study. 

Hemitricliia vesparium (Batsch) Macbr. is such a species. It vegetates 
unseen within its substratum, where it also sclerotizes, and comes to tin* sur¬ 
face only to fruit. Although this species is commonly collected in the fruiting 
stage, there is no record in the literature to indicate that its true plasmodium 
has previously been recognized in the field. 

The outstanding characteristic feature of the plasmodium is its stable, 
definitely black color. This color, unusual for slime-mold plasmodia, together 
with certain other constant features, makes specific identification possible 
before fruiting occurs. While taxonomic characters have not hitherto been 
reported for the vegetative stage of any species, it is believed, in view of the 
studies and observations made on this particular species, that they may be 
found to be rather widespread. 

This report is based on observations made on forty-odd plasmodia of //. 
vesparium which were isolated and cultured during the past six years. These 
plasmodia and most of their subcultures fruited, bearing sporangia typical 
of the species. The sporangia were verified as to species by Mr. Robert Hagel- 
stein, Honorary Curator of Myxomycetes at the New York Botanical Carden, 
who examined typical specimens of the sporangia submitted to him. 

LITERATURE 

The reports thus far published on H. vesparium , with one exception, are 
based on spore sowings made in the laboratory. They show that four-year-old 
spores have been found to be viable (Gilbert 1929); that the plasmodium is 
parasitic on fungus mycelia (Howard and Currie 1932); that the plas¬ 
modium requires no light in order to fruit (Gray 1938) ; and that the swarm- 
cells thrive well in pine wood decoction and can withstand temperatures as 
low at 2° C without encysting immediately (Smart 1938 a, b). Only two 
investigators have reported on the color of the plasmodium: Gray 1938, 
Carr 1939. 




194.“,] 


NAUSS: HEM1TRICHIA 


153 


MATERIALS AND METHODS 

The plasmodia of this species were obtained mostly by culturing decaying 
wood and leaves. Collections of such material were made in New York State 
(including Long Island, Gardiner’s Island, and Staten Island), New Jersey, 
Pennsylvania, and southern Vermont. The plasmodium was isolated from 
material collected in all of these regions. Several plasmodia were grown from 
laboratory-developed fruiting bodies, the spores of which were sown on blot¬ 
ting paper which had previously been used as substratum. Numerous sub¬ 
cultures were also grown, some of them with other species in order to observe 
communal behavior. All of* the plasmodia were cultured on white blotting 
paper, which was obtained in large desk-size sheets, watermarked in squares. 
The sheets were then cut to the desired size and shape as needed. Tap water 
was used as the source of moisture. 

The method employed for isolating the plasmodia from their original 
substrata was to place a suitably sized disk of blotting paper, cut in halves, 
in a petri dish and moisten it with water. A selected piece of wood or leaves, 
recently collected and still moist, if possible, was then laid on the paper, and 
the culture kept saturated by subsequent additions of water as required. As 
soon as the plasmodium had left its original substratum, the latter was re¬ 
moved. Plasmodia thus isolated were given nutrient every few days, and 
were cultured and subcultured both in petri dishes and in jars. 

When plasmodia were grown in jars, the method used was an adaptation 
of that employed by (’amp (1936) in culturing Physarum polyccphalnm. 
Small glass-covered jars were preferred, which measured 3i inches high and 
2:] inches in diameter. For starting these cultures, a portion of blotting paper 
containing the plasmodium was transferred from a petri dish culture to a 
jar that had been lined around the inside wall with two-inch sepia res of blot¬ 
ting paper and filled to a depth of about one inch with water. Such cultures 
provided the plasmodium with a continuous, partially submerged circuit or 
pathway around which it might travel progressively without inhibition, and 
also insured a constant supply of moisture. 

Nutrient consisted of pulverized rolled oats (either the “Quick” or 
regular kinds), tropical fish food, and wheat germ. These were sifted on the 
cultures through a fine mesh sieve, in front of the plasmodial “fans.” Fish 
food was used mostly for young plasmodia and for plasmodia which had 
become somewhat sluggish. It was also found to be good in preparing fresh 
blotting paper substrata. Usually, plasmodia would not creep onto a fresh 
piece of blotting paper sprinkled with oats until the second or third day, by 
which time the oats had become somewhat gelatinous. When fish food was 
used instead of oats, this time was generally reduced to a few hours. Oats, 
however, was decidedly the preferred nutrient, and was ingested readily 
later on as particulate food, after the plasmodium had become established 
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on a fresh piece of paper. Although no such definite reaction was noted ip 
connection with wheat germ, it was continued in use in community cultures, 
along with oats, since plasmodia of some species thrive on it. 

No effort w r as made to keep the cultures sterile, because it was felt that 
more natural results could be obtained if conditions approximated more 
closely those existing in nature. A given piece of blotting paper was therefore 
continued in use as substratum as long as it remained sufficiently firm, even 
though mold, bacteria, and other organisms were abundant in the culture. 
The surface was cleaned every week or ten days either by peeling off "with 
tweezers the top layer of the paper or by flushing the culture with a siphoned 
stream of water, care being taken to avoid injuring the plasmodium. 

CHARACTERS AND HABITS OF PLASMODIUM 

The plasmodium is of medium size as compared with those of about fifty 
other species also grown in culture by the author. It is neither as large as 
Physarnm polycephalum nor as small as several others cultured. This applies 
to the size of the largest veins as well as to the aggregate amount of proto¬ 
plasm in a plasmodium which has attained its maximum growth. 

As cultured, this species shows an ever changing “fan” pattern that is 
common among slime-molds, but the posterior veins are often looped (fig. 1). 
When young, it is frequently seen in a twin-fan pattern (fig. 2). The two 
fans are usually of equal size and are also connected posteriorly by looped 
plasmodial veins. This pattern may persist for as long as two days, when the 
fans may merge, or separate entirely. All of the twin-fan patterns observed 
were remarkably alike in form and size, and they were seen often enough to 
suggest the term 4 4 recurring pattern. ’ ’ 

The plasmodial veins of this species vary greatly in diameter, although 
during the first few weeks they are usually of about equal size. Typical large 
veins consist of a main black-colored channel, flanked on either side by a 
thin, hyaline pseudopodial 44 ruffle” with darkened areas (fig. 3). These 
ruffles are always present throughout the life of the plasmodium, except 
when it is very young or very old. In a young plasmodium and in the smallest 
veins of an older one, the ruffles may be expressed merely as nodes or buds 
scattered along either side; in old plasmodia—those about ready to fruit— 
tiie ruffles have been withdrawn. The protoplasm is characterized by the 
presence of conspicuous, round, white transparent vacuoles, which are visible 
under a hand lens. They travel along with the protoplasm, which streams in 
one direction for about 50 seconds and then reverses its flow for about 45 
seconds. The plasmodium, as a whole, advances at the rate of about an inch 
in three hours. These rates are about average for the slime-molds in general. 

The black color of the plasmodium is derived from numerous black pig¬ 
mented granules. These flow back and forth with the streaming protoplasm, 



Kid. 1 . Vegetating plasmodium, showing a noimal variation in looping of posterior 
veins. - ,' 1 . Kid. 2. Kecurring pattern, ^ :i. Fig. 3. Typical veins of a vegetating 
pluMiiodium, showing characteristic pseudopodial ruffles, a .10. Fig. 4. Plasmodia! veins 
clumping to fruit. X M. 
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being much more abundant in the main channels than in the hyaline pseudo- 
podial ruffles. In these ruffles they are sparse at first, but wherever a number 
of them become temporarily lodged that area appears black (fig. 3). As 
the plasmodium ages, the granules seem to increase steadily in numbers 
throughout the entire plasmodium. As a result, there is a progressive deepen¬ 
ing of the color during the vegetative stage. In this connection, Seifriz and 
Zetzmarm (1935) reported that the deepening of the yellow color in the 
plasmodium of Physarum poiycephalum is of the nature of a pH indicator, 
although they did not mention that the change in color was caused by the 
presence of pigmented granules. 

In the field, the plasmodium is not found in places which would suggest 
that it requires an abundance of moisture; yet in culture it requires more 
than do plasmodia of those species most commonly grown in the laboratory, 
especially large ones such as Physarum poiycephalum and Fuligo scptica. 
This is particularly noticeable when the substratum begins to dry out. The 
two species just mentioned generally remain on the surface, while IF. ves¬ 
parium creeps into the substance of the paper and remains there until more 
moisture is provided. An exception to this habit occurs when the black plas¬ 
modium is nearing the fruiting stage, at which time it likewise remains on 
the surface. This abundance of moisture is evidently required to protect the 
hyaline pseudopodial ruffles against drying out, for the central vein channels 
were usually not covered by a film of water as were the ruffles. Keeping the 
cultures very wet also enabled the plasmodium to make more rapid growth. 
This species was never observed to creep up the-bare sides of glass culture 
dishes as do the large yellow plasmodia of other species. 

The vegetative stage of H. vesparium generally lasted from four to twelve 
months, seven being about the average. Plasmodia which were subcultured 
several times tended to take longer to fruit than did those not subcultured. 
One plasmodium grown from spores and not subcultured fruited in two 
months. Even this short period, however, was much longer than that recorded 
by Seifriz and Russell (1936) for Physarum poiycephalum , which had a 
sixteen-day cycle in the cultures observed. Although no such specific peri¬ 
odicity was observed in IF. vesparium , fructification was more certain to 
occur in this species than in any of the other species cultured. 

Besides feeding on prepared nutrients, the plasmodium was also observed 
to ingest living organisms such as protozoa. Several times, when the plas¬ 
modium had crept off a small square of blotting,paper in a petri dish into a 
thin film ‘of surrounding water, various kinds of microscopic organisms 
swarmed and darted about the unusually long hyaline-tipped pseudopods 
that had just been elongated. After a few T minutes a number of the organisms 
were engulfed by a quick outflow of more hyaloplasm. Several minutes later, 
black granular protoplasm w r as seen to stream out and carry the already 
disintegrating organisms deeper into the plasmodium. 
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Fragmentation was frequently observed in young plasmodia during the 
first two months; after that, it seldom oeeurred. The plasmodial fragments 
numbered anywhere from two to eight in a given eulture at one time. In 
about a week tliey gradually eoaleseed into a single plasmodium, if permitted 
to, and then in another week or so fragmentation might recur. 

In community cultures, the plasmodium was never observed to harm or 
interfere with a plasmodium of any other species with which it was asso¬ 
ciated. A small white plasmodium, however, was found to parasitize it (II. 
resparium ), completely consuming it. Over a three-vear period, this para¬ 
sitic plasmodium has been kept in the active vegetating state only by feed¬ 
ing it the plasmodium of 11. rcsparium , although many other nutrients were 
also tried. When it has no black plasmodium, it sclerotizes. Since para¬ 
sitism among Myxomyeetes themselves seems to be an unrecorded phenome¬ 
non, it seems better to prepare a separate illustrated report on the results 
obtained from culturing these two plasmodia together. 

GROWTH OF PLASMODIUM AND SPOIiANOlAL FORMATION 

During tin* plasmodial stage of II. resparium , four periods of growth 
wore observed: (1) when the plasmodium is very young (scattered nodes 
along equal-sized veins) ; (2) when older and making the most growth prog¬ 
ress (main channels black, bordered by hyaline pseudopodial ruffles; veins 
varying in size) ; (:>) when about mature (entire plasmodium, including ruf¬ 
fles, jet black; ruffles appear somewhat fringe-like) ; (4) when ready to fruit 
(ruffles entirely absent and main channels swollen and (dumped). Although 
tlie appearance of the veins is not necessarily uniform throughout a given 
plasmodium at any one time, the characteristics of one of the four growth- 
periods enumerated always appear to predominate. 

As the plasmodium approaches the fruiting stage, there is a sharp de¬ 
crease in the amount of moisture and nutrient required. Only a moist sub¬ 
stratum need now' be maintained instead of a saturated one, and little if any 
nutrient is needed. Any nutrient that is inadvertently sifted directly upon 
a jet black plasmodium often causes that portion to turn red, such change 
of color denoting death in this species. 

The amount of moisture present in a culture while the pseudopodial nif¬ 
ties are disappearing seems to be the principal determinant of how T soon 
afterwards the sporangia begin to rise. Excessive* moisture tends to retard 
fructification and may oven cause all or part of the plasmodium to die. Too 
little moisture inhibits its movement, and if the plasmodium is within the 
substratum at this time, it lies more or less dormant. Then when moisture 
is added, it has been observed to well up to the surface of its substratum, 
in shiny black masses, each a potential cluster of sporangia. At such times, 
no hypothallus is seen, it being-left behind within the substratum. 
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During the prefruiting period, the plasmodium may be either reticulate 
or in a solid layer. When in a layer, it resembles a thin sheet of shiny black 
wax in appearance. The veins of a reticulate plasmodium are greatly swollen 
at this time (fig. 4), and the protoplasmic streaming is very sluggish, as can 
be detected in the opaque veins only by means of the large transparent vacu¬ 
oles. Close to a rising sporangial cluster, the streaming is in one direction 
only—toward and up into the sporangia, with no reversal flow taking place. 

Sporangia require about four hours to complete development from the 
time they begin to rise from the clumped veins. The fruiting process gen¬ 
erally occurs between midnight and morning, when no light is present. 
Although Gray (1938) did not mention this nocturnal habit for his plas- 
modia of this species, he did state that they required no light in order to 
fruit. 

Fructification was never observed to occur as a result of injury to the 
plasmodium, lack of food, dehydration, or exposure to bright light. The plas- 
modia fruited, it seemed, only after a certain degree of maturity or aging 
had been attained, (-amp (1937) reported that Physarum polycephahuu 
could be induced to fruit at any time simply by withholding food from it. 
Such treatment of II. vcsparhim resulted only in a perceptible decrease in 
the size of its plasmodium. Seifriz and Russell (1936) stated that nutrition 
and toxic substances alone seemed to have a possible influence on the fruiting 
of P. pnlyvephaJum . They reported further that ‘‘the growth rhythm is be¬ 
lieved to be a definite protoplasmic quality, which requires certain as yet 
unknown conditions in order to express itself.” 

Subcultures made from a parent plasmodium that was jet black and 
nearly ready to fruit, usually bore fruit about the same time as did the 
parent plasmodium. Seifriz and Russell (1936) also reported this fruiting 
habit for P. polyccphalnm. 

All of the fruiting bodies which developed in culture were either one of 
the two colors reported by Gilbert (1927) for this species, namely, metallic 
bluish-black, or brick-red. The brick-red color predominated. Whether the 
amount of moisture in a culture had any relation to the color of sporangia 
produced was not determined, but at times this seemed probable. 

FORMATION OF SOLE ROT IA 

The factors reported in the literature as causing M.vxomycetes to sclero- 
tize are: lack of food, dehydration, and cold. The last two were the only ones 
observed to cause the plasmodium of II. vesparium to sderotize. Lack of 
food, as has just been mentioned, only resulted in a decrease in the size of 
the plasmodium. 

In most instances, sclerotia of this species formed as a result of dehydra¬ 
tion. TTnlike many larger species, which sderotize in a heaped mass on the 
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Fkj. ”). A sderotr/ed plasmodium between blotting paper and glass. « 'A'A. Vm. 0. 
Middle section of figure a enlarged. N 150. Fin. 7. Portion of a culture that has fruited, 
allowing dorsal view of spomngial clusteis and the led residue left in foimer vein tracks 
when th<» plasmodium fruited. N A. Fin. S. Typical sporangia. > 50. 
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surface of their substratum when dehydration occurs, II. vesparium sclero- 
tizes within its substratum (or beneath it) in rows of black bead-like cysts 
(figs. 5 and 6). This formation results from the breaking up of the plasmodial 
veins in situ. 

The cysts are generally round or ovoid in shape when fresh, and range 
in size from 10 to 40 p. If formed within blotting paper, a large selerotium 
resembles a light-colored blot of ink when viewed from either side without 
a lens, the individual cysts not being visible. A small selerotium can some¬ 
times be located only by holding the paper up to the light. When the scle- 
rotium forms beneath the blotting paper, next to the glass, the rows of cysts 
show up plainly under low magnification. Young cysts that were formed as 
a result of dehydration required only a day or two to excyst after being 
moistened, while one-year-old cysts required from 48 to 60 hours. 

Exposure to cold caused the plasmodium to sderotize even when it was 
covered with water. When subjected suddenly to a temperature of 40° F., 
the plasmodium selerotized in about 12 hours. This change occurred so 
quickly that the original pattern of the plasmodium was retained and a low 
magnification was required to show that eneystment had taken place. Some 
of the cysts became a transparent red in color and could not be revived, but 
those that remained black usually could be reactivated into normal plasmodia 
within a day or so. 

Plasmodia that developed from reactivated sderotial cysts were always 
black and bore typical sporangia (fig. 8). 

PLASMODIAL COLOR 

Although black was the only color observed either in the field or in the 
laboratory for If. vesparium , this color does not seem to be mentioned in the 
literature for this species or for any other vegetating Myxomycete, and 
inquiry among students of these organisms revealed no one who had previ¬ 
ously seen a black plasmodium. In a few instances taxonomists have listed 
some shade of black as the plasmodial color of a few species, but such color 
references apparently are not meant to apply to the vegetative stage—as is 
generally interpreted—but to the prefruiting stage (that which immediately 
precedes fructification). Macbride (1922, p. 286) states that the colors listed 
in The North American Slime-Moulds refer to the prefruiting stage unless 
otherwise stated. Hagelstein makes a similar statement regarding colors of 
vegetating plasmodia, in a personal communication (1938). Since Macbride 
lists the color of II. vesparium as deep red (1. c., p. 262) and does not specify 
the stage to which it belongs, he, and others who also list some shade of red 
for the plasmodial color of this species, must therefore mean the color red to 
refer to the prefruiting stage, and not to the vegetative stage as was con¬ 
cluded by Gray (1938) and Carr (1939). 
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Gray reported that his plasmodia of this species, which he obtained by 
sowing spores on corn agar, were pearly white. He stated, however, that they 
did not grow large, that fruiting was sporadic, and that in no ease was an 
entire plasmodium utilized in sporangial formation. A few of the black plas¬ 
modia that I have grown from spores on blotting paper and not transferred or 
subcultural had a tendency to be somewhat erratic in their fruiting habit 
in that the plasmodia! fragments sometimes remained separate and fruited 
at different times. In each instance observed, however, all of the protoplasm 
in a given plasmodia! unit was utilized when fructification occurred. 
This was generally true, also, of plasmodia obtained from material in the 
field, which, like those grown from spores, sometimes formed five-inch fans 
when given sufficient space and fed carefully. 

It may be pointed out, in connection with Gray’s reporting a different 
color for the vegetative stage of this species, that according to the literature 
the use of prepared media in culturing spores of Myxomveetes has not 
proved to be a very reliable source from which to determine colors of vege¬ 
tating slime-mold plasmodia. Pinoy (11)08) reported that lie obtained yellow 
plasmodia as well as blackish-purple ones when he sowed spores of Didymnim 
niyripes on flaxseed gelatin. Gray (1938) and Kamblv (1939) obtained yel¬ 
low and white plasmodia, respectively, by sowing spores of Fulnjo septica on 
corn agar. On the other hand, plasmodia of II. resparimn, according to my 
observations, were always black, whether observed in the field, isolated from 
natural substrata on blotting paper, or grown from spores on blotting paper. 

Still another color has been reported for this species. Carr (1939), after 
observing a single plasmodium on wood cultured in a moist chamber for four 
months and then finding fruiting bodies of II. resparimn on the wood, con¬ 
cluded that the yellow plasmodium had borne the sporangia of this species. 
The evidence is inconclusive. Many times the author has also had sporangia 
of this species develop on decaying wood cultured in a moist chamber, when 
the only visible plasmodium was a yellow one. But whim such pieces of wood 
were cultured with a view to isolating all Myxomyeete plasmodia present in 
the wood, as many as four or five other plasmodia, all differently colored, 
were frequently obtained ; that of 11 . resparimn (always black) was often one 
of them and the only one that produced typical fruitings of this species 
when grown in isolated cultures. It is therefore doubtful that II. vesparium 
ever has a yellow plasmodium. 

Regarding the red color listed by Macbride and other taxonomists as the 
prefruiting color of II. resparimn , this color was not observed in any of the 
black plasmodia preceding nor during their fruiting period. Sometimes, 
when viewed by reflected light, the plasmodium had a faint red tinge shortly 
before fruiting time. This was thought to be due to the presence of extrane¬ 
ous material that was beginning to be cast off, for as the jet black protoplasm 
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flows into the newly forming fruiting bodies, it leaves a red residue behind 
in the vein tracks (fig. 7, arrow). When fresh, this red residue so closely 
resembles living plasmodium in consistency that microscopical examination 
under good light was necessary in order to determine its true nature. Because 
of this close resemblance, it is wondered whether the appearance of this red 
residue at fruiting time might account for the statements of Macbride and 
others that the prefruiting color was red. It would undoubtedly show up 
more clearly than would black on dark, decaying vegetation, it might even 
account for Gray's observing (1938) that his pearly white plasniodia of this 
species turned red at fruiting time but that this color change did not occur 
until after sporangial delimitation had begun. To determine this point, 
further observation seems necessary. 

Although color as a taxonomic character of vegetating slime mold plas- 
modia has not yet been recognized, it may not be without significance in 
helping to determine species of Myxomycetes before fruiting occurs. The 
consistency with which II. vexparium has maintained its color over such a 
Jong period of time affords evidence in this direction. Kambly (1939) believes 
that it is necessary to know’ the factors influencing color before it can be 
accepted as a taxonomic character. When color has been found to be constant 
for a given species, however, it seems logical to recognize its taxonomic value 
without waiting to determine what causes it. 

31 PONDFIELD BoAD WEST 
Bkonxville, New York 


SUMMARY 

1. The plasmodium of II. vesparium can be identified specifically before 
fruiting occurs and is easily cultured to maturity. It is characterized by a 
definite black color. 

2. Fragmentation occurs frequently during the early life of the plas¬ 
modium. 

3. The plasmodium has a recurring twin-fan pattern. Posterior veins are 
often looped. 

4. Solerotia are formed within the substratum in rows of bead-like cysts. 

5. The plasmodium is completely parasitized in culture by the plas¬ 
modium of another Myxomycete (species as yet undetermined). 
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MACROSPOROGENESIS, FERTILIZATION, AND EARLY 
EMBRYOLOGY OF TARAXACUM KOK-SAGHYZ 1 

H. E. Warmke 

With the introduction of seed of the Russian Dandelion, Taraxacum kok- 
saghyz Rod., into this country early in 1942, and with plans for its extensive 
cultivation as a domestic source of rubber, it became important to know 
something more of the cytology and breeding behavior of this species. 

The common dandelion, Taraxacum officinale , and other species have long 
been known to reproduce by apomixis (Raunkiaer 1903; Murbeck 1904; duel 
1904, 1905; Sears 1917, 1922). In these forms there is a failure of the first 
meiotic division, and the second division gives rise to a dyad of macrospores 
with unreduced nuclei, rather than the usual tetrad with reduced chromo¬ 
some number (Osawa 1913; Rosenberg 1927, 1930). One of the unreduced 
cells degenerates (usually the micropylar one), and the other undergoes 
mitotic divisions to form an eight-nucleate, but diploid, embryo sac. The 
unreduced egg cell begins to divide, without the stimulation of fertilization, 
to form a completely vegetative embryo and seed. 

With apomixis known to occur in the genus, it was important to ascertain 
whether the material with which we were working was also apomictic, or 
whether it was sexual, before entering into selection and breeding experi¬ 
ments. The Russian workers, Poddubnaja-Arnoldi and Dianowa (1934), in 
a study of several members of the genus, reported T. kok-saghyz to be a 
diploid with chromosome numbers of n = 8; 2a -16. They further reported 
that this species is sexually reproducing and highly self-sterile. Our results 
confirm and extend the findings of these workers. 

MATERIALS AND METHODS 

Seeds were received on May 16, 1942, from Dr. E. W. Brandes under the 
label, Taraxacum kok-saghyz, plant quarantine number 143960. These were 
a portion of the seeds which reached this country from Russia by air express. 
They apparently were from unselected field-grown plants, for in addition to 
showing extreme variation in size, vigor, and leaf shape, they also contained 
contaminations of the common dandelion. 

Root tips were prepared according to the section-smear technique 
(Warmke 1941). Buds and flowers were fixed in Rollin Carnov, sectioned at 
10-20 microns according to the stage, and stained with the Feulgen reaction 
for fertilization and iron hematoxylin for other stages. 

i Cooperative project with Dr. E. W. Brandes, Pathologist in Charge, Rubber Plant 
Investigations, U. S. Department of Agriculture. 

104 
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(CHROMOSOME NUMBER 

Root tips were taken from plants growing in four-inch pots in the green¬ 
house; chromosome counts showed the diploid number to be 16 (fig. 1, a and 
b). No variation from this number has been observed. The chromosomes are 
of medium size, ranging from approximately 2 to 4 microns in length in the 
roots, and fix and stain well. One pair of chromosomes bears prominent satel¬ 
lites (fig. 1, b). 



Fkj. 1 . Photomicrographs of somatic chromosomes from root tips of Tartu drum 
tiat/lii/z. The diploid chromosome number is lf>. Note one pair of chromosomes with satel¬ 
lites^. lb). > 1400. 

The haploid chromosome complement was studied at first meiotie meta¬ 
phase in macrospore mother cells (fig. 4) and in pollen mother cells (fig. 6). 
In all cases the reduced chromosome number was iound to be 8. 

DEVELOPMENT OK TILE MAPROUAMETOP11YTK 

The ovule is solitary and anatropous. The maerospore mother eell arises 
from a hvpodermal cell and may he distinguished early by its greater size 
and more intense staining reaction (fig. 2). Surrounding the macrospore 
mother eell is a single layer of micellar cells, which is soon overgrown and 
surrounded, except for the micropyle, by a single integument. The maero¬ 
spore mother eell increases further in size (fig. 3) and then undergoes the 
first meiotie division (fig. 4). The chromosomes are arranged in a regular 
manner as bivalents on the metaphase plate, with no indication of univalents 
or laggards. 

At the end of Ml a eell wall is laid down (fig. 5) to form the usual dyad. 
The second meiotie division follows quickly, and cell walls are laid down to 
form a linear tetrad of macrospores (figs. 7, 8). The chalazal maerospore 
tends to be larger than the others (fig. 8) and usually becomes functional. 
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Pigs. 2-10. Meiosis and macrogametophyte fonnation in T. koh-mtfhji?. Fig. 2. 
^ oung ovule allowing macrospore mother cell before overgrowth of the integument. 540, 
Fig. 3. Older macrospore mother cell. x 540. Fig. 4. First meiotic metaphase; eight bi¬ 
valent cliromoaornea are present, x 540. Fig. 5. Late telophase of first meiotic division 
with dyad of cells being formed. / 540. Fig. 0 . Ml in pollen mother cell showing 8 chro¬ 
mosomes. x 840. Fig. 7. Late telophase of second meiotic division, x 540. Fig. 8. Linear 
tetrad of macrospores. x 540. Fig. 9. Middle two spores of tetrad tend to degenerate 
early, x 540. Fig. 10. A rare case, where micropylar macrospore is functional, x 540. 
Fig. 11. The more usual condition, where the clialazal macrospore becomes functional, and 
the others degenerate, x 540. Figs. 12-14. 2-, 4-, and 8-nucleate stages in the develop¬ 
ment of the macrogametophyte. x 270. Fig. 15. Young 7-celled macrogametopyte. Note 
union of the polar nuclei and beginning of degeneration of antipodals. ^ 270. Fig. 10. 
Mature macrogametophyte. x270. 
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while the three other maerospores degenerate (fig. 11). There is a strong 
tendency in many of the ovules, however, for the middle two cells to de¬ 
generate quickly and for both the mieropvlar and ehalazal ones to persist 
and enlarge (fig. 9). One of these eventually gains the ascendency and the 
other degenerates, for twin embryo sacs have not been observed. The basal 
cell usually becomes functional, but figure 10 shows a case where the micro- 
pylar cell seems to have become the functional macrospore. 

This process appears to be an orderly and complete meiotic division and 
to have resulted in the formation of four reduced maerospores. It is quite 
distinct from the abortive process in the common apomictic species, in which 
two unreduced maerospores are formed as the end-result of meiosis. 

Before the non-functional spores have completely degenerated, the first 
mitotic division in the formation of the macrogametophyte occurs (fig. 12). 
The second and third divisions follow in rapid succession, forming four- 
nucleate (fig. 13) and eight-nucleate (fig. 14) macrogametophytes. During 
these free nuclear divisions the macrogametophyte increases in size, largely 
by the process of vacuolation. it is also evident that as the number of nuclei 
increases, the individual nuclei decrease in size (figs. 12-14). 

The two most centrally located nuclei approach each other in the usual 
manner to become the polar nuclei (fig. In). Note in figure 15 that these two 
nuclei, though in contact, are still separated by the nuclear membranes. Cell 
walls are laid down and soon transform the macrogametophyte into the 
typical seven-celled structure, consisting of two synergids, an egg cell, a 
large and vacuolate primary endosperm cell, and three antipodals. These 
latter become pycnotic and start to degenerate even before the polar nuclei 
lune completely fused (fig. 15). The macrogametophyte enlarges greatly 
until it reaches its mature size (fig. 16), which represents the condition at 
flowering. 

FERTILIZATION 

Fertilization begins about 30 minutes after pollination at 70° F. under 
greenhouse conditions. This may be compared with 15 minutes reported for 
this species under slightly different conditions by Poddubnaja-Arnoldi and 
Dianowa (1934). Our fixations at 10, 15, 20, and 25 minutes failed to show 
evidence of fertilization. 

Thirty minutes after pollination many ovules are seen in which pollen 
tubes have penetrated the embryo sac (apparently through a svnergid) and 
have wedged in between the egg and primary endosperm cells, separating 
these structures (fig. 17). Whether this is actually the tip of the pollen tube, 
or some material extruded from the tube, is not clear. This material is uni¬ 
form in consistency and appears to be somewhat more dense than the cyto¬ 
plasm of the surrounding embryo sac. It has a characteristic sickle shape and 
bears near its base a single small nucleus which stains darkly. It is not eer- 




Figs. 17-33. Fertilization and embryo formation in T, Tcolc-saghys . Fig. 1 7. 30 min¬ 
utes after pollination: pollen tube Avith two male nuclei near its tip within the embryo 
sac. X 380. Fig. 18. 30 minutes after pollination: male nuclei in contact with nuclear 
membranes of egg and endosperm cells, x 380. Fig. 19. 45 minutes after pollination: 
male nuclei within egg and endosperm nuclei, x 380. Fig. 20. 2 hours after pollirfation: 
the intensely staining male nuclei have disappeared and are replaced by small extra 
nucleoli within egg and endosperm nuclei. X380. Figs. 21, 22. 45 minutes and 2 hours, 
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tain whether this is the tube nucleus or the nucleus of the synergic! which was 
penetrated b t y the pollen tube, although the latter seems more likely, since 
this pycnotic nucleus always lies approximately opposite the undisturbed 
synergid nucleus (figs. 18, 19, 20, 21). 

With the Feu 1 gen reaction, the large egg and endosperm nuclei take a 
very light stain, in contrast to the sperm nuclei, which stain very intensely. 
When first seen, the male nuclei appear to lie within the pollen-tube material 
(fig. 17) but soon come to lie out of this and in contact with the egg and 
endosperm nuclei (fig. 18). 

Forty-five minutes after pollination the two male nuclei are seen inside 
the egg and endosperm nuclei; they have increased in size, and have become 
more diffuse (fig. 19). In favorable preparations male nuclei at this stage 
are seen to be made up of expanding and uncoiling chromonemata. At two 
hours, nuclear fusion is complete (fig. 20). The intensely staining chromatin 
of the male nuclei is no longer in evidence; in its place two small nucleoli 
have appeared, one each in the egg and endosperm nuclei. The pollen-tube 
material is still present, as well as the cavity separating egg and endosperm 
cells. 

As noted by the Russian workers, supernumerary male nuclei are not 
uncommon. Figures 21 and 22 show two such cases. In the first of these a 
total of 8 male nuclei is present in one embryo sac; while the second must 
have 10: 8 densely staining ones and two already united with the egg and 
endosperm nuclei, as indicated by the presence of two nucleoli in each of 
these nuclei. Figure 22 is a two-hour stage, and the double nucleoli almost 
certainly indicate previous nuclear fusion, just as they do in figure 20. 

The supernumerary sperm nuclei usually do not function, as is indicated 
by their presence as separate, compact bodies lying in the pollen-tube ma¬ 
terial or adjacent cavity even after the egg and endosperm have begun 
mitotic divisions. Figure 2J, however, seems exceptional: here two nuclei lie 
in the tube, three in the adjacent, cavity, one against the egg nucleus, and 
two against the primary endosperm nucleus. The sperm nuclei in contact 
with the egg and the endosperm nuclei are becoming diffuse. This suggests 

respectively, after pollination: supernumerary male nuclei aie occasionally found 'within 
the embryo sac. x 3H0. Fid. 23. (5 hours after pollination : tbe endosperm nucleus is under¬ 
going its first division. > 380. Fid. 24, 7 hours after pollination: the endosperm is 
2-nueleate, and the zygote is undergoing the first division. X 3S0. Fig. 23. 9-hour stage: 
the proembryo is 2 celled, and the endosperm is 4 nucleate. * 380. Fig. 20. Metaphase 
plate from dividing embryo cell showing diploid number of chromosomes, 2h = U). * 1400. 
Fid. 27. Late prophase from dividing endosperm showing triploid number of chromosomes, 
3 m = 24. x 1400. Fig. 28. Proembryo 4-cellcd, and endosperm lb-nucleate. <380. Fig. 29. 
7-celled proembryo, x 380. Fig. 30. 11 celled proembryo, x 380. Fig. 31. 24 hours after 
pollination: proembryo is made up of 28-30 cells. > 380. Fig. 32. 40 -44 hours: young 
spherical embryo with short suspensor. v 85. Fig. 33. 55-450 hours: the embryo has 
assumed mature form, with cotyledons, epicotyl, liypocotyl, and root tip. x 25. 
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that these two male nuclei, instead of one as expected, may be uniting with 
the endosperm. There is some further evidence that functional polyspermy 
may occur in connection with the endosperm, in the fact that four or five 
separate nucleoli may occasionally be observed in a single endosperm nu¬ 
cleus. Since a maximum of one nucleolus is characteristic of each haploid 
chromosome complement, the presence of four or five nucleoli in endosperm 
cells may be indicative of extra sets of chromosomes, although no more than 
the triploid number of chromosomes has ever actually been counted in divid¬ 
ing endosperm. 


DEVELOPMENT OF THE EMBRYO AND ENDOSPERM 

At approximately 6 hours after pollination, under our conditions, the 
first division of the endosperm occurs (fig. 23). This is usually followed about 
an hour later by the division of the zygote (fig. 24). At 9 hours after polli¬ 
nation the proembrvo is 2-celled and the endosperm 4-nueleate (fig. 25). 
Chromosome counts from dividing ceils show the embryo to be diploid (fig. 
26) and the endosperm to be triploid (fig. 27). 

The further development of the embryo follows the “aster type,” charac¬ 
teristic of the composites. The “basal cell” (according to the terminology of 
Soueges) undergoes a transverse division ; while the “apical cell” divides in 
a longitudinal plane. This is illustrated in the 4-eelled stage (fig. 28). Here 
the basal cell has divided to form two daughter cells, one above the other; 
while the apical cell has divided so that one daughter cell lies behind the 
other. 

The second division of the apical cell is also longitudinal, but at right 
angles to the plane of the first, as shown by the orientation of the division 
figures in figure 28. The uppermost half of the original basal cell also divides 
longitudinally, thus producing a 7-eelled proembryo (fig. 29). 

The proembryo undergoes rapid division to reach the 11-cel led stage 
shown in figure 30. There are 7 derivatives of the original apical cell and 4 
derivatives of the original basal cell. At 24 hours the proembryo has a total 
of 28-30 cells (fig. 31). 

At 40-44 hours the embryo proper has formed a fiat ball of several hun¬ 
dred cells, with a short suspensor consisting of 8-12 cells (fig. 32). At about 
60 hours the embryo has attained mature appearance with well developed 
cotyledons, epicotvl, hypoeotvl, and root tip (fig. 33). 

, BREEDING BEHAVIOR 

The first flowers were observed August 16 on greenhouse-grown plants; 
this was exactly three months after sowing the seed. Plants have continued 
to come into flower throughout the fall and winter, with approximately one- 
third having flowered by January 1,1943. During the summer and early fall 
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none of the plants that flowered set any seed, unless they were mechanically 
cross-pollinated by rubbing: together heads from different plants. After such 
cross-pollination abundant seed was set, which ripened in about 10 days. The 
greenhouses were screened against insects; so tliis behavior indicates a high 
degree of self-sterility. Even when plants were mechanically self-pollinated 
by rubbing two flowers from the same plant together, seeds failed to set. 
Plants of the common apomictic species of dandelion, of course, set seed 
abundantly without any sort of pollination under identical conditions. 

During November and December, however, many T. kok-saghyz plants 
began to set seed without cross-pollination. Some of these heads bore only 
1 or 2 seeds while others bore a full set of 50-75 seeds. It would appear that 
this is an “end-season fertility,” induced possibly by temperature, light, or 
age of the plant. It has not yet been possible, however, to show definitely that 
this delayed fertility is due to selfing and not to apomixis; but it seems highly 
improbable that the latter could be the case. 

DISCUSSION 

Chromosome numbers of n -8 and 2a = 16 place T. kok-saghyz, along 
with six or eight other species, as basic diploids in the genus. The great ma¬ 
jority of the genus, however, is polyploid. Species with sporophytic chromo¬ 
some numbers of 24, 32, and 40, representing triploid, tetraploid, and penta- 
ploid forms, respectively, are known. It is of interest that the diploid species, 
including knk-saghyi, are sexually reproducing, while the polyploids are 
apomictic. This close correlation between polyploidy and apomixis has long 
been noted but is not yet thoroughly understood. As pointed out by Stebbins 
(1041) hybridization and polyploidy may be factors in bringing together 
complementary genes for apomixis and in the production of vigorous sterile 
or partially sterile types in which apomixis would have a very high selective 
value. 

The reproductive process in T. kol-saghyt is completely normal and 
sexual. On the female side, where sexual reproduction breaks down in apo- 
mietic species, two regular meiotic divisions occur to produce a linear tetrad 
of reduced macrospores. There can be no doubt about the occurrence of 
fertilization: all stages, from the entrance of the pollen tube to complete 
union of the male nuclei with egg and endosperm, have been observed. More¬ 
over, when pollination and fertilization do not occur, there is no development 
of embryo or endosperm. Final proof of the reality of the reduction divisions 
and of fertilization is afforded by actual chromosome counts, in which the 
developing embryo has been shown to be diploid (16 chromosomes) and the 
developing endosperm triploid (24 chromosomes). Presumably the embryo 
would be diploid and the endosperm tetraploid if this species were apomictic. 

These conditions, including ample heterozygosity, low chromosome num- 
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her, normal sexual reproduction, and a high degree of self-sterility, are 
extremely favorable from the standpoint of breeding and selection experi¬ 
ments. With satisfactory methods of assaying the rubber content of indi¬ 
vidual plants, the breeding of these plants and the selection of strains with 
improved cultural and rubber-producing qualities should be routine for the 
experienced plant breeder. 

SUMMARY 

1. The chromosome number in Taraxacum kok-sayhyz is h = 8;*2m- 16, 
placing this species among the basic diploids of the genus. 

2. Macrogametophyte formation follows the usual sexual pattern: The 
macrospore mother cell undergoes two regular meiotic divisions to form a 
linear series of four reduced macrospores, the chalazal one of which usually 
becomes functional. As the result of three successive mitotic divisions fol¬ 
lowed by union of the two polar nuclei and cell wall formation, the classic 
7-celled macrogametophyte is formed. 

3. Thirty minutes after pollination, pollen-tubes are seen to enter the 
macrogametophyte. Fertilization follows the normal pattern: one male nu¬ 
cleus uniting with the egg and the other uniting with the primary endosperm 
nucleus. Supernumerary male nuclei are frequently observed in the embryo 
sac but usually are not functional. 

4. The first division in the endosperm occurs about 6 hours after polli¬ 
nation, and the first division of the egg follows about one hour later. 

5. Embryonic development follows the aster type, characteristic of the 
compositae. 

6. Chromosome counts verify the reality of the sexual processes by show¬ 
ing the developing embryo to be diploid, with 16 chromosomes, and the endo¬ 
sperm to be triploid, with 24 chromosomes. 

7. During the summer T. Iwk-sagliyz is highly self-sterile but cross- 
fertile. In the late fall and winter it may exhibit considerable end-season 
self-fertility. 

Department of Genetics, Carnegie Institution of Washington 
Cold Spring Harbor, New York 
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TWO NEW SPECIES OF HYPERICUM FROM COLOMBIA 

II. A. GLEASON AND J. II. PlERCE 

Tn recent Cuatreeasas collections from northeastern Colombia the fol¬ 
lowing two new species of Hypericum were found. They belong to the 
section Brathys, subsection Eubrathys , which has been previously treated 
by Gleason. 1 

Hypericum garciae Pierce sp. now Frutex ram is virgatis vel erectis 
interne denudatis; folia rigida laxe imbricata, angnste lanceolata, 6-7 mm. 
Jonga, 1.3 mm. lata, punctata, margine integerrimo revoluto, nervo medio 
subtus prominenti, nervis lateralibus null is; flores solitarii ad apices 
ramulorum ; sepala ovato-lanceolata, 5.8-6.2 mm. longa, 1.5-1.8 mm. lata; 
petala oblique obovata, apiculata, 10 mm. longa; ovarium ovatum, uniloeu- 
lare, 3-4 mm. longum, septis nullis, placentis 3 ]>arietalibus; sty 1 i 3, 5.5-5.8 
mm. longi. 

Type, Cuatreeasas & Garcia Barriya 9935, collected on the Paramo del 
Almorzadero, Dept, of Santander, in the Cordillera Oriental of Colombia, 
and deposited in the Britton Herbarium of the New York Botanical Carden. 
This species resembles closely H. chamaemyrtus Tr. & PI. but differs in hav¬ 
ing smaller, more strictly ascending leaves, solitary flowers, smaller petala, 
fewer stamens, shorter styles, and a larger ovary. 

Hypericum cuatrecasii Gleason sp. nov. Frutex ramosus ramis interne 
denudatis bialatis infra foliorum cost am mediam. Laminae subcoriaceae 
patulae late rot undo-ova tae, usque 7 mm. longae lataeque, nut in ramulis 
tantum 2 mm. longae, ad basim cordato-amplectentes paulo connatae, 1- 
nerviae, venulis, reticulatis vix perspicuis. Pedicelli brevissimi, calvce 
foliis superioribus fere obtecto. Sepala ovato-elliptica obtusa, 5-5.3 mm. 
longa, 3-3.9 mm. lata. Petala asymmetrica 12 mm. Jonga. Stamina nume- 
rosissima (in flore uno 187 numerata), usque 6.5 mm. longa. Antherae 0.5 
mm. longae. Ovarium late ellipsoideum, 3 mm. longum; sty 1 i 3, fere recti, 
crassi, divergentes, 1.1 mm. longi. 

Type, Cuatreeasas 10139 , collected on the Paramo de Arcabuco between 
Arcabuco and Tunja, Boyaca, Cordillera Oriental, Colombia, and deposited 
in the Britton Herbarium of the New York Botanical Carden. The cordate- 
clasping leaves, the large number of stamens, and the very short styles set 
11. cuatrecasii apart as unique among the species of the subsection Eubrathys 
known from South America. 

The Nfcw York Botanical Garden 
New York 


i Ball. Toney Olul) 56: 100-107. 1929; Torrcya 29: 137. 1929. 
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THE METAPHASE STAGE IN COLCHICINIZED 
ONION ROOT-TIPS 

Michael Levine and Sidney Gelded 

The lethal effects of X-ray and radium emanations on neoplastic tissues 
are in a, large measure dependent upon the stage of development of the com¬ 
ponent cells. The dividing cell, it seems, is more vulnerable to these physical 
agents than the resting ones. The neoplasia of animals present many diffi¬ 
culties to the radium or X-ray therapeutist because of the great variations 
in the number of dividing cells in such tissues. Arresting cell division in the 
metaphase stage in neoplastic tissue of animals by the application of col¬ 
chicine has revealed no constancy in the number of dividing cells, for in the 
individual tumor DuBilier and Warren (1941) have shown that the maxi¬ 
mum effect of colchicine on the Brown-Pearce rabbit epithelioma is attained 
in 0 hours \\ith a single dose (0.1 mg per 100 gm. body wt.) ; with repeated 
doses the colchicine attains its maximum effect at 12 hours. These results 
apply to an average for a given dose, yet the response of the individual tumor 
varies greatly. Tin* results are so variable that these authors believe that a 
trial of the effect of colchicine and roentgen therapy is impracticable. This 
is readily understood, for in transplantable tumors the rate of growth may 
vary with the transplant, the host, and other factors still unknown. 

The ready availability of dividing onion root-tip cells and the ease vitb 
which this tissue may lx* observed has led us to the study of the effect of 
X-ray' on this tissue 4 affected by colchicine. The arrest of the mitotic changes 
in metaphase exposes the (-ells at a stage* when X-rays are* supposed 
by r many te> be most effective in elestroying them. It accordingly became neces¬ 
sary to determine at \Giat time after treatment colchicine-treated onion roots 
present the greatest number of divieling cells in metaphase*. 

The following is a repe>rt on the* number of rolls in metaphase stage* found 
in the root tips of All nun crpa. var. Yellow Globe, after exposure to .01 pen* 
cent colchicine solution. The regularity with which the root-tips of the onions 
hvpertre>phied after treatment with the solution of colchicine used seemeel 
to indicate that the maximum changes oeeurreel in about 48 hours. 
Gytological preparations e»f this tissue showed however, that the largest 
number of dividing cells were to be found at much shorter exposures. A 
systematic study was made of root tips exposed to a uniform solution of 
colchicine (.01 per cent) from 6 hours to (i days. The number of resting 
cells and cells in the meta phase stage was counted in four root-tips selected 
at random after each of the following periods of exposure: 6, 9, 12, 24, 36, 
48, 72, 96, 120, and 140 hours. 




176 


BULLETIN OF THE TORREY CLUB 


[Voi,. 70 


The effect of colchicine as it is now well established, is to arrest the 
mitotic division in the metaphase stage. While it was first thought that 
colchicine increased the number of division stages, Ludford (1936) showed 
that it arrested the cell in its metaphase division stage so that the number 
of dividing cells appeared to increase. 

Ludford showed that .00001 per cent solution is effective on mitosis in 
some animal tissue. Levan (1938) studied the effects of various concentra¬ 
tions of colchicine at time varying from 7 minutes to 72 hours after the 
treatment. Concentration of .0055 per cent, he believed, was sufficient to 
cause disturbance of the spindle figure. Levine and Lein (1941) showed 
that a .001 per cent solution of colchicine was sufficient to arrest the elonga¬ 
tion of roots of the onion. Levan further observed that the threshold value 
for affecting mitosis in roots of Allium ccpa with colchicine lies between 
.005 per cent and .01 per cent solutions after an exposure of 4 hours. We 
selected the larger dose (.01 per cent solution) for our studies. 

METHODS AND MATERIALS 

The onions were drawn from regular shipments made to this institution 
for dietary purposes. These were selected from large numbers for uniformity 
of size, weight, shape, and color; the genetic constitution of the species was 
unknown. 

The resting bulbs were placed on top of cylindrical vessels of 240 ec. 
capacity, filled with cool fresh water daily, so that the root end of each bulb 
was constantly immersed. The vessels were coated on the outer surface with 
a dense opaque material so as to exclude light. The bulbs were permitted 
to rest in water until a sufficient number of roots had been formed. After 
a period of from 7 to 10 days bulbs with a fair number of roots (15-20) w f ere 
transferred to similar vessels filled with a .01 per cent aqueous solution 
of colchicine. These bulbs were labeled and placed in a moderately cool part 
of the laboratory with constantly subdued light. To obtain as much diversity 
in cell counts as possible, roots from four different bulbs were used in each 
test. The onions used w r ere divided into four series each comprising from 12 
to 20 bulbs. The root-tips were examined first after exposure to the colchicine 
solution for G-, 24-, and 48-hour periods. Three additional groups of onions 
wfith many controls w T ere selected from those exposed 9, 12, 36, 72, 96, 120, 
and 140 hours to the colchicine treatment. These were studied in the fol¬ 
lowing order: 36, 120, and 140 hours of exposure, 9, 72, and 96 hours of 
exposure, and 12 hours of exposure. 

After a given exposure to the colchicine was made, the root-tips from 
each onion were fixed according to Warmke’s (1935) method; although 
fixation for greater periods than those suggested by Warrnke was found 
necessary for root-tips exposed for long intervals. The root-tips were 
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stained in aceto-carmine and chlorazol black E, as described by Nebel 
(1940). The latter dye intensifies the stains and makes the cell- and chromo¬ 
some-count more reliable. More than 4000 cells were counted in each series 
after exposure to colchicine for a given time, and the percentage of cells 
in metaphase stage was calculated. Control bulbs were grown in water at the 
same time for from 7 to 15 days, but not exposed to colchicine; the water 
was changed daily. The roots of these bulbs were fixed and smeared in the 
same way. More than 4000 cells were counted from this group. 

CELL COUNTS IN UNTREATED BULBS 

The untreated roots were a bright and glistening white. The cells of four 
were counted; of 4112 cells there were 3903 in resting or prophase stages 
and 149 in metaphase, 3.6 per cent of the total counted (Table 1). Three of 
the counted root-tips contained an approximately equal number of cells in 
metaphase stage. One root contained 58, an extreme divergence from the 
average. This may indicate the selection of a shorter, younger root, although 
the effort has been made to select for the count roots of equal length. The 
extreme percentages are represented in the graph (fig. 1) by broken lines, 
while the black line represents the average percentages of metaphase stages 
based on the figures given in the accompanying table. 

CELL COUNTS IN TREATED BULBS 

In table 1, the counts have been made from bulbs exposed to .01 
per cent colchicine for 6, 9, 12, 24, 36, 48, 72, 96, 120, and 140 houi’s. During 
long exposures the colchicine solutions were not changed but fresh solution 
was added as required. The tips were removed, fixed, and smeared by the 
methods mentioned above. The cells in resting and metaphase stages were 
counted. Hoot-tips exposed to .01 per cent colchicine for 6 hours have a uni¬ 
form number of metaphase stages, all but root 3F which has only 55 cells in 
metaphase stages against 73 in the other roots recorded (see table 1). The 
average percentage (6.7) of cells in the metaphase stage has almost doubled 
as a result of the exposure. At any time after exposure the departures from 
the average are approximately equal, as shown by fig. 1. In the 9-hour series, 
4320 cells were counted, of which 405 were in metaphase, 9.38 per cent 
of the total cells counted. The variation in the number of cells in metaphase 
is small. The tendency to an increase of the number of metaplmses is now 
apparent, as shown in table 1. This tendency became obvious when the 
counts for the different periods of exposures were arranged chronologically. 
Among roots exposed for 12 hours, the difference between roots 2T and 5T 
is 35 cells in metaphase; approximately equal to the difference between ex¬ 
tremes in the untreated roots. The number of metaphase stages in this series 
totals 490 in 4195 cells counted (11.6 per cent) as against 405 in 4320 cells 
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TABLE 1, Number of cells in meiaphase in untreated roots and in roots treated 
with .01 per cent colchicine 


Exposure 

Boot 

Cells counted 

Cells in 
niotaphnse 

Per cent cells 
in met a phase 

None 

3 

1026 

26 

2.53 


IB 

103 7 

34 

3.34 


2B 

1043 

58 

5.56 


3B 

1026 

31 

3.02 



4112 

149 

3762 

6 hours 

2F 

1016 

73 

7.18 


3F 

1026 

55 

5.36 


4F 

1019 

71 

6.96 


5 F 

1021 

76 

7.44 



4082 

275 

6774 

9 hours 

211 

1109 

107 

9.64 


3ir 

1036 

105 

10.13 


fSTI 

1143 

96 

8.39 


6H 

1032 

97 

9.39 



4320 

405 

9738 

12 hours 

2T 

1149 

143 

12.44 


3T 

1031 

116 

11.25 


4T 

1011 

123 

12.16 


5T 

1044 

108 

10.34 



4195 

490 

11.68 

24 hours 

IE 

1034 

156 

15.08 


2E 

1232 

204 

16.55 


3E 

1022 

156 

15.45 


4E 

1010 

121 

11.98 



4298 

637 

14.88 

36 hours 

r>x 

1210 

101 

8.34 


ox 

1170 

104 

8.88 


9X 

1045 

102 

9.76 


10X 

1041 

116 

11.14 



4466 

423 

9.47 

48 hours 

2C 

1057 

85 

8.04 


30 

1097 

96 

8.75 


4C 

1002 

75 

7.18 


6C 

1026 

80 

7.79 



4182 

336 

8.03 

72 hours 

6Z 

1109 

60 

5.40 


7Z 

1062 

61 

5.74 


HZ 

1117 

84 

7.52 


10Z 

1123 

70 

6.23 



. 4411 

275 

6723 

96 hours 

3Y 

- 1110 

39 

3.51 


4V 

1053 

23 

2.18 


5V 

1039 

45 

4.33 


7V 

1084 

53 

4.88 



*4286 

v Too 

3.73 

120 hours 

2Q 

1195 

46 

3.84 


r>Q 

1028 

33 

2.99 


6Q 

1050 

28 

2.66 


7Q 

1235 

55 

4.45 



4508 

162 

3.59 

140 hours 

3L 

1125 

33 

2.93 


5L 

1023 

24 

2.34 


6L 

1034 

53 

5.12 


8L 

1081 

16 

1.38 



4263 

125 

2’9 3 
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counted (9.3 per cent) after the 9-hour treatment and 275 in 4082 cells 
counted (6.7 per cent) after the 6-hour treatment. It appears that some 



NunSer of kours of txpowt io co/cltcinc sofuticn. 

Fig. 1. The* peicentagos of cellsin motnphase in tin* root tips of Album rrpa ; untreated 
and exposed to n solution of .01 per <*(*nt colchicine for from (> to 140 hours. Middle line 
indieates so era go percentage; upper broken line indicates maximum percentage; lower 
broken line indicates minimum percentage. 


roots attain the maximum number of metaphase stages after this exposure, 
as root 2T. 
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Of a total of 4298 cells counted in root-tips exposed for 24 hours to the 
same concentration of colchicine 637 cells were found in metaphase. This 
is an increase of 11.2 per cent metaphases over the number counted in the 
untreated root-tips and an increase of 3.2 per cent over the 12-hour-treated 
root tips. The 24-hour exposure seems to yield the maximum effect with .01 
per cent solution of colchicine. From a study of figure 1 it is clear that the 
greatest extremes, in the number of metaphases also occur here. It appears 
that it represents for some roots the critical exposure, for in the following 
treatments a definite decrease in the number of metaphase stages is met, as 
shown by table 1. After the 36-hour exposure there are fewer metaphases; 
from 637 of 4298 cells for the 24-hour period to 423 of 4466 cells (9.4 per 
cent). The extremes are represented by 101 metaphases in 1210 cells counted 
in root 5X and 116 metaphases in 1041 cells counted in root 10X, a difference 
of 2.8 per cent. In this series the results may be interpreted as a toxic effect 
on cells in the resting stages. Some of the cells in the metaphase stage may 
have completed their nuclear reconstruction, or some may have degenerated. 

In root-tips exposed for 48 hours to .01 per cent colchicine there are still 
fewer metaphases than in those exposed for 36 hours. The continued 
exposures observed after 72, 96, 120, and 140 hours showed a gradual decline 
in the percentage of cells in metaphase, until in the latter exposures we have 
an average percentage of metaphases slightly lower than that of the un¬ 
treated roots (see graph). From the 96-hour to the 140-hour exposures the 
differences between extremes are approximately uniform; especially is this 
noted in the 120-hour-treated roots. The number of metaphases counted in 
roots exposed for 96 and 120 hours are 160 and 162, respectively, from 
counts of 4286 cells in the 96-hour exposure and 4508 cells in the 120-hour 
series. In the roots exposed for 140 hours the number of cells in mitosis is 
125 in 4263 cells counted. The average percentage for the 140-hour period is 
2.9, which is slightly lower than that observed for the untreated roots. 

It appears from these studies that colchicine in a given concentration 
for a given period up to and including 24 hours increases the number of 
metaphase stages in the root-tips of the onion. The variations in individual 
responses for a given solution and a given period are approximately from 
1 per cent to 3 per cent of the average for all the series. 

It is clear that in these experiments .01 per cent colchicine has an 
inhibiting effect on the development of the prophase stage after the 24th 
hour. The extreme variation as shown in the graph indicates the beginning 
of the toxic effects exerted by the colchicine. This may be expressed in the 
increased toxic influence of the colchicine or the inability of the colchicine 
to keep the dividing cells in metaphase any longer. Both conditions seem to 
prevail. The eolchicinized cells begin to degenerate; comparatively large 
lobulate nuclei are formed. In a subsequent report effects of a study of 900- 
3000 roentgen ray units on eolchicinized root tips will be given. 



m:n 


LEVINE AND GELBER: OOLCHICINIZED ROOT-TIPS 


181 


SUMMARY 

1. Onion root-tips grown in water for 10-15 days eontain an average of 
3.6 per cent cells in metaphase stage. 

2. Roots exposed to .01 per eent colchicine from 6 to 24 hours contain a 
gradually increasing percentage of cells in metaphase which reaches the 
maximum at 24 hours. 

3. Continued exposure for longer than 24 hours shows a gradual decline 
in the number of mitotic stages to a point slightly below the figure observed 
for the untreated root-tips. 

4. The differences between extremes in the number of metaphase stages 
in untreated and in all colchicinized root-tips are approximately the same 
except at the critical exposures, shown here to be 24 hours with .01 per cent 
colchicine, where the variation is the greatest. 

5. The number of metaphases in the colchicinized root-tips is predictable 
within the limits of variation of the 24-hour treatment as given here. 

(>. It appears that simple plant structures like the onion root-tip are 
suitable for the initial studies of the combined effects of colchicine and 
x-rays. 

Laboratory Division, Montefiore Hospital 
New York 

Literature Cited 

Dermen, Haig. 11)40. Colchicine, pohploidy, mid technique. Hot. Rev. 6: fiJMMitt.). 
Dubilier, Benjamin, & Warren, Stafford L. 1041. The effect of colchicine on the mitotic 
:icti\it\ of the Brown Pearce rabbit epithelioma. Cancer Research 1: 0(5(5-9(50. 
Levan, Albert. 104S. The effect of colchicine on mot mitoses in Allium. Hereditas 24: 
471-480. 

Levine, Michael, & Lein, Joseph. 1041. The effects of various gmwth substances on the 
number nnd the length oi mots of Allium crpa. Am. .lour. Hot. 28: 10B—108. 
Llldford, R. J. 10.40. The action of toxic substances upon the di\ ision of normal and malig¬ 
nant cells ni vitro and in vivo. Arch. Exp. Zellforsch. 18: 411-141, 

Nebel, B. R. 1040. Chlora/.ol black E as an nceto-carmine nuxihan stain. Stain Teclmol. 
15: (50-72. 

Warmke, H. E. 1044. A peimanent root tip smear method. Stain Teclmol. 10: 101-104. 



BULLETIN OF T T1 R TORBEY B O T A N T 0 A L C L IT B 


VOL. 70, No. 2, pp. 182-183 


March, 1943 


DIFFERENTIATION IN RED ROOT-TIPS OF 
PHALARIS ARUNDINACEA 

Robert Bloch 

Moliseh 1 described the interesting occurrence of* red root-tips in a number 
of plant families (Crassulaceae, Saxifragaceae, Balsaminaceae, Melasto- 
maceae, Coinpositae); it was stated that the coloration was due to the pres¬ 
ence of antlioeyanin in the youngest part of the meristems and in the root- 
cap cells, but no further histological details were given. 

During studies of developing roots of various genera of small-seeded 
grasses, the author noted frequent occurrence of a red coloration in root-tips 
of Ph alar is annuli nacca. The seeds were grown on damp lens paper in moist 
chambers with the new technique 2 for observation of living plant meristems 
at successive intervals. In the present study seeds were germinated either in 
light or in darkness, and red root-tips made their appearance after approxi¬ 
mately four days. 

Microscopic investigation of the living root showed that the entire meri- 
stematic area as well as the cells of the root-cap were intensely colored. The 
distribution of the pigment was always associated with a dense protoplasmic 
condition in the cells, but as the cells begin to vacuolate, at a distance of 
about 250-400 niicra from the apex, the coloration becomes less conspicuous. 
At the last cell division in the basal portion of the meristem, two types of 
cells are set apart in the surface of the root; they are trichoblasts which 
later develop root-hairs, and ordinary surface cells which remain hairless. 
In Ph alar is annul inacca these two cell types roughly alternate, though occa¬ 
sionally several hairless cells may occur in direct succession. Trichoblasts 
and hairless cells can first be distinguished by slight differences in the rate 
of longitudinal expansion (lower in the trichoblast), but in this genus the 
dissimilarity is made much more conspicuous by a difference in the depth 
of color, the trichoblast not only remaining more densely protoplasmic, but 
also more intensely colored ; this condition often persists until the root-hair 
cell has reached considerable length (fig. 1). Even later some pigmentation 
was frequently noted still associated with the aggregation of cytoplasm at 
the base or the tip of the growing root-hair, which develops either at the 
apical end of the cell or somewhat more toward its middle. The much more 
rapidly expanding and finally considerably longer hairless cells, on the other 

1 Moliseh, H. Kote Wurzelspitzen. Ber. Deuts. Bot. Ges. 46: 311-317. 1928. 

2 Sinnott, E. W. Growth and differentiation in living plant meristems. I 'roe. Nat . 
Aead. 26: 65-58. 1939. Sinnott, E. W. & Bloch, R. Changes in intercellular relationships 
during the growth and differentiation of living plant tissues. Am. Jour. Bot. 26: 623-634. 
1939. 
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hand, lose their dense cytoplasmic condition and their pigmentation at a 
much earlier stage (fig. 1). 

The differences in the degree of pigmentation are obviously an expression 
of physiological, metabolic differences between trichoblasts and hairless cells 
in tiie transition zone located between the terminal meristem and the vacuo¬ 
late, mature region of the root. The natural red pigmentation may serve as a 
tool in distinguishing without difficulty at a very early stage of differentia¬ 
tion the two types of cells in a living, undisturbed condition; it is equally of 
assistance in following their development in the region of vacuolation and 
maturation, and it makes it especially easy to identify the same cells when 
repeated observations of the same root tips are made. 





Kkj. 1. ritdhn i .s ai tnirfnmcca Sm face of 11 \ i njj; root, showing unequal giowth and the 
progiesshe loss of eoloiation in nntuinlh pigmented trichoblasts (duikci) and alternat¬ 
ing hairless indls (lighten, in zones of beginning vacuolation (above) and inatuntv 
( below ). ' 2o(). 

(lenerally the central portion of* the densely protoplasmic (‘ells appears 
lighter colored, indicating the position of the colorless nucleus. The color- 
giving pigment is apparently distributed in small vacuoles throughout dense 
aggregates of cytoplasm and becomes less conspicuous as general vacuola¬ 
tion proceeds in the cells; the color fades out first in the rapidly expanding 
hairless cells. The metabolically much more active trichoblasts retain much 
longer a considerable amount of cytoplasm and pigment, though these also 
progressively diminish. It follows that a trichoblast compared with an even 
younger hairless cell which has the same size may show a denser cytoplasmic 
content and a deeper pigmentation. 

It was noted that in injured roots the coloration in the cytoplasm becomes 
at first more intense as a result of necrobiotie changes. As degeneration pro¬ 
ceeds, however, the color is frequently taken up by the nucleus, which then 
turns darkish red. 

Osborn Botanical Laboratory 
Yale University 
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FURTHER EXPERIMENTS ON THE NUTRITION OF 
ISOLATED TOMATO ROOTS 1 

James Bonner 

INTRODUCTION 

The exact accessory growth substance requirements of isolated tomato 
roots are at present in dispute. It is agreed by all the workers in the field that 
thiamine or a constituent portion or portions thereof are required. Bobbins 
and Schmidt (1939 a, b) and Robbins (1941) have shown further that 
pyridoxine exerts a powerful growth-promoting influence on the growth 
of the isolated tomato root, a conclusion confirmed by Bonner and Devirian 
(1939), Bonner (1940), and Day (1941). White (1940) finds however that 
isolated tomato roots are not affected in their growth by pyridoxine but do 
respond to glycine (1939, 1940). Bonner and Devirian (1939) and Bonner 
(1940) could not establish any important effect of glycine but did find that 
in the presence of adequate amounts of thiamine and pyridoxine isolated 
tomato roots responded with increased growth to the addition of nicotinic 
acid. Neither Robbins and Schmidt (1939b) nor White (1940) confirmed 
this activity of nicotinic acid. Robbins (1941) has however later shown that 
different strains of isolated tomato roots vary greatly in their response to 
nicotinic acid, some responding vigorously and some responding little. The 
present work confirms Robbins and shows that closely related clones vary in 
their responses to nicotinic acid. In addition the responses of four clones of 
tomato roots to glycine are here reported. 

METHODS 

Each of the clones of isolated tomato roots discussed below was derived 
from an individual seed of Lyeopernicon csnilcntum , var. “San Jose Dan¬ 
ner.’’ The seeds were disinfected in 0.1 per cent IIgCl 2 , and laid out to ger¬ 
minate in aseptic Petri dishes. When the seedling roots had attained a length 
of 2-3 cm. the terminal 10 mm. of-root w^as removed and cultivated in 10 cm. 
Petri dishes containing 25 cc. of nutrient solution. The nutrient solution 
contained per liter of Pyrex-redistilled water: 236 mgs. Ga(No.i) 2 4Ilo(), 
36 mgs. MgS0 4 • 7H 2 0, 81 mgs. KN0 3 , 65 mgs. KC1, 20 mgs. KH 2 PO„ 1.5 
mgs. ferric tartrate, and 20 gms. sucrose, with 0.1 mgs. thiamine, 0.5 mgs. 
nicotinic acid, and 0.1 mgs. pyridoxine as addenda. During the course of the 
experiments numerous trials were made in an effort to improve the eonsti- 

1 Report of work done with the assistance of the Work Projects Administration O. P. 
365-1-07-2. 
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tution of the basic nutrient solution but no alteration of the amount of any 
chemical resulted in significant increase of root growth. Glycine where used 
was added at the rate of 3 mgs. per liter as recommended by White (1939, 
1940). The roots were incubated in the dark at 25° C for one week and were 
then subcultured by removal of 1 cm. branch root-tips to fresh medium. 
This procedure of subculture and transfer was used in each subsequent 
transfer, which occurred at regular weekly intervals. At the end of each 
transfer period, the growth in length of the principal axis of each root was 
measured. The growth measurements presented below are averages of such 
measurements. 

During the prosecution of this work, no piece of glassware which came 
in contact with a solution other than distilled water was used a second time 
without an intervening cleaning in sulfuric acid-potassium dichromate 
cleaning solution followed by seven or more rinsings in tap and distilled 
water, a precaution which has been observed in this laboratory since the 
initiation of isolated root culture work. 

OBSERVATIONS 

Uniformity of Material. Two hundred branch root-tips, randomly 
divided into 10 lots of 20 tips each, were used as the innocula for most of the 
experiments recorded below. Table 1 shows the degree of uniformity attained 
in a typical dummy experiment of this kind. ()f the 20 initial tips, from 18 to 
20 grew in the various groups. With respect to growth in length, the average 
deviation of the group means from the average of the group means was 3.8 
per cent. Treatment of the data by the analysis of variance shows that the 
groups are homogeneous and do not differ significantly among themselves. 
The best estimate of the standard error of one group mean of 20 is 2.72 and 
correspondingly a minimum difference of about 20 per cent between two 

TABLE 1 

V mformity (rial with J< ft one cm. branch tool tips of isolated tomato roots (Clone IT). 

Figures represent growth of principal root arts in mm. in 7 days 


Group 

Number of 
tips used 

Number of 
tips which 
grew 

Av. glow th 
mm. 

Std. error of 
mv. growth 

1 

20 

20 

.11.8 

1.96 

o 

20 

20 

;14.2 

5.04 

3 

20 

18 

50.0 

1.81 

4 

20 

LS 

50.(j 

2.35 

5 

20 

18 

55.5 

3.06 

6 

20 

18 

50.5 

1.74 

7 

20 

19 

52.4 

2.71 

8 

20 

20 

55.8 

3.52 

9 

20 

18 

54.4 

3.70 

10 

20 

20 

56.8 

3.04 
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group means of 20 might be expected to be significant at the 1 per cent level. 
The work reported here is based on a series of 48 experiments generally 
similar in plan to that given in table 1. 

Response to Various Growth Substances. In these experiments roots 
were cultivated for one week in nutrient solutions containing various 
addenda. The roots were then subcultured and cultivated for a second week 
in similar nutrient. Table 2 gives data on the growth, in this second transfer, 

TABLE 2 

Response of 3 different clones of isolated tomato roots to 6 different nutrient solutions 


Added growth 

Clone A 

Clone II 

Ulone 

W 

hu bat oil cos 

Expt. G-44 

G-33 

G-31 

G—3 7 

G—f 1 



Growth in nun. 

per root per w eek 


None 

0.0 

0.0 

0.0 

0.0 

0.0 

Bj alone 

0.0 

0.0 

0.0 

0.0 

0.0 

B, t B 0 

31.2 ±1.58 

31.3 ±2.83 

30.9 ± 2.37 

46.4 ± 2.79 

49.8 ± 2.55 

Bj 4 nicotinic acid 






4- B„ 

34.1 ± 1.60 

40.3 4-1.90a 

38.8 + 2.34b 

44.3 ± 2.94 

46.8 + 1.91 

Glycine alone 

0.0 

0.0 

0.0 

0.0 

0.0 


G—43 

G—3 6 

G—40 

G-33 

G-4' 

None 

0.0 

0.0 

0.0 

0.0 

0.0 

B, alone 

0.0 

0.0 

0.0 

0.0 

0.0 

B, f B„ 

48.4 ± 1.92 

30.9 ±1.28 

28.2 ±1.94 

50 2 + 2 22 

49.4 ± 2.24 

Bj 4 mcotinie acid 






I B„ 

50.0 ± 1.38 

39.3 + 2.06a 

37.2+ 1.35a 

50.0 ± 2.28 

46.0 + 2.13 

Bi 4- glycine 

0.0 

2.5 ± 0.39 

0.0 

0.0 

0.0 

a Increase in 

growth rate associated with 

nicotinic acid significant at 1% level. 

h Increase in 

growth rate 

associated with 

nicotinic acid significant at 5 

% level. 


of three different clones in six different nutrient solutions. In no case was 
appreciable growth obtained in basic nutrient solution alone, in basic 
nutrient solution plus thiamine, or in basic nutrient solution plus glycine. 
In one experiment a slight response to thiamine plus glycine was obtained, 
but this could not be repeated in other experiments with the same clone. Fn 
every experiment thiamine plus pyridoxine supported good growth, whereas 
thiamine plus glycine elicited little or no growth. With these clones then, 
and with four additional clones of “San Jose Canner” roots for which de¬ 
tailed data will not be given, glycine does not appear capable of replacing 
pyridoxine, a conclusion in general agreement with that of Robbins. In 
other experiments, the influence of glycine in the presence of varied thiamine 
concentrations was investigated. In no case was response to glycine found. 

Of the clones used in the experiments of table 2 only clone II responded 
significantly to the addition of nicotinic acid. This difference between the 
behavior of clone H and the other two clones (A and W) has been confirmed 
in 7 further experiments and it seems logieal to conclude that individual 
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clones vary in their response to nicotinic acid. This conclusion is again in 
agreement with that of Robbins (1941). 

One-Month Transfer Periods. The cultural conditions used by the 
present author differ in numerous ways from those used by Robbins and by 
White. Petri dishes rather than Erlenmeyer flasks are used as culture ves¬ 
sels and transfer periods of one week, following White, are used rather than 
the 1-2-month transfer periods used by Robbins. In one series of experiments 
therefore, tomato roots were grown in 125 cc. Erlenmeyer flasks, 50 cc. of 
nutrient per flask. The flasks were inoculated with basal fragments of vigor¬ 
ous roots and incubated in diffuse light for one month. These roots were then 
subcultured and incubated for a second month in fresh medium, after which 
the procedure was repeated for a third time. After each transfer dry-weight 
measurements (as used by Robbins) were made as well as linear growth mea¬ 
surements. Twenty roots of clone II (table 2) were measured and weighed 
in each treatment given in table 3, which presents data from the third 

TABLE 3 

Growth of roots of clour II in Erica me iff r flash s (Turin tj a transfer 'period of 1 month. 

Each mean is based on twenty loots 


Growth suInstances in nutrient: None 


Thiamine 


Thiamine + 
pyridoxino 


Thiamine 4- 
pyridoxiiie + 
nicotinic aeid 


Av. growth mm. per loot 0.0 5.2 ±2.45 22 + 5.75 58 + 2.34 

A\. dry wt. per root; nigs. 0.0 0.18 ± .09 2.0 +0.48 7.3 + 0.28 


monthly transfer. It is apparent that with this clone growth responses both 
to pyridoxine and to nicotinic acid were obtained under these conditions 
and that these responses were qualitatively similar to those obtained in Petri 
dish culture with one-week transfer periods. The responses are evident from 
the dry-'weight measurements as well as from the linear measurements. 

Small but definite growth in solutions containing thiamine as the sole 
added growth substance was observed in all three passages of this experi¬ 
ment. It appears quite possible that the same slow growth takes place in 
thiamine cultures of the present clones when these clones are transferred 
weekly but that owing to tin* small increments such growth can be detected 
only with difficulty. 

Clone of P. R. White. Through the courtesy of Dr. P. R. White, samples 
of the standard White clone of isolated tomato roots were obtained on two 
occasions. In a typical experiment with this clone, of 44 roots maintained in 
thiamine-glycine medium all ceased growth within 3 transfers. Of 14 roots 
maintained in thiamine-nicotinic acid-pyridoxine medium all grew satis- 
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faetorily and made an average increment of 32 mm. per root per week. It 
would appear that the White clone under the conditions used by the present 
author cannot be maintained in a thiamine-glycine nutrient medium. 

discussion 

The present work was undertaken in an effort to find answers to two 
questions: (1.) The reason for the discrepancy in the results of bobbins and 
those of Bonner as to the effectiveness of nicotinic acid as a growth substance 
for isolated tomato roots; and (2.) the reason for the discrepancy between 
the results of Bobbins and Bonner on the one hand and those of White on 
the other as to the effectiveness of pyridoxine and glycine as growth sub¬ 
stances for isolated tomato roots. As to nicotinic acid, it has now been shown 
both by Robbins and in the present paper that response to nicotinic acid (in 
the presence of thiamine and pyridoxine) is a property which varies with 
different clones or strains of isolated tomato roots. Some strains respond 
while others do not. Although the cultural conditions and the criteria of 
growth used in the two laboratories are different, still response to nicotinic 
acid can be determined, with suitable strains, in both laboratories. With 
regard to glycine, however, it does not seem probable that the different 
results obtained are due to metabolic differences in the clones used. Of 14 
clones of isolated tomato roots which have been investigated by the present 
author, not one has been found in which glycine is able to replace pyrixodine, 
or in which glycine has yet been found to have any important growth effect. 
It would seem more probable that the effect of .glycine is obtained under 
conditions peculiar to some laboratories and not found in other laboratories. 
Thus White (1940) found that Robbins' standard clone, when grown in 
White’s laboratory, failed to respond to pyridoxine, but did respond to 
glycine although to a lesser extent than the White standard clone. White's 
standard clone as grown in this laboratory failed to respond to glycine in 
the presence of thiamine but did make satisfactory growth in thiamine- 
pyridoxine-nieotinie acid nutrient medium. It should be recalled also that 
White (1939) has found that sunflower roots make continued luxuriant 
growth in thiamine-glvcine medium. In this laboratory sunflower roots were 
found to respond primarily to thiamine and pyridoxine (1940). 

summary 

1. Of three clones .of isolated tomato roots reported in the present paper, 
all were fotmd to grow luxuriantly through repeated transfers in nutrient 
solution containing thiamine and pyridoxine as accessory growth substances. 
None of the strains made continued growth in nutrient solution containing 
thiamine and glycine as accessory growth substances. 

2. Of the three clones, one responded with increased growth when nieo- 
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tinarid was added to file medium in addition to thiamine and pyridoxine. 
The other two elones did not respond to nieotinie arid. 

California Institfte of Thfiinolooy 
Pasadena, California 
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THE RELATION OF CERTAIN FUNGI TO THIAMINE 

William J. Robbins and Roberta Ma 

The discovery that certain fungi, incapable of growing on a basal 
medium, developed when traces of thiamine were added was followed by 
the observation that the growth-substance deficiency of some of them could 
be satisfied by substituting for thiamine its pyrimidine and thiazole inter¬ 
mediates. 1 This observation was interpreted in two ways. 

On the one hand, it was assumed that thiamine was essential for all fungi. 
Some were autotrophic as far as this vitamin was concerned and synthesized 
it from elementary foods and minerals. Others were incapable of this syn¬ 
thesis and suffered from a thiamine deficiency which necessitated a supply 
of this vitamin in the nutrient medium. Those belonging to the group which 
grew in the presence of one or both intermediates were considered capable 
of synthesizing the essential thiamine from its intermediates and some of 
them were believed capable of making one of the intermediates as well. Rob¬ 
bins and Kavanagh (16) and Robbins (15) presented this point of view. 

Other investigators, however, were inclined to believe that thiamine as 
such was not effective but owed its activity to some indirect action or to its 
intermediates. Schopfer and Jung (11) concluded that the action of thiamine 
on Phycomyces was indirect; its presence was considered indispensable for 
the synthesis by the fungus of factors peculiar to it. Schopfer and Jung (12) 
inclined toward the idea that Phycomyces split the thiamine molecule into 
its intermediates and used these for different purposes. Muller and Schopfer 
(3) believed that M. ramanuianus probably split the thiamine molecule and 
utilized the thiazole portion. Schopfer (6) in studying the thiamine deficien¬ 
cies of Rodoiorula sp. concluded that these organisms split the thiamine 
molecule, thus liberating the thiazole or the pyrimidine which they required. 
Schopfer (7) admitted as a hypothesis that thiamine might be synthesized 
by fungi from its constituents but considered that the situation may vary 
with the organism. 

The discovery that various'species of Phyioph Ihora needed molecular 
thiamine and failed to grow when furnished the intermediates, made pos¬ 
sible a bioassay for thiamine (13, 14). By employing Phytophthora cimta- 
momi as q test organism Bonner and Buchman (2) demonstrated the syn¬ 
thesis by Phycomyces of thiamine from its intermediates. By using the same 
method of assay Schopfer (8) confirmed this observation and showed that 

1 The terms pyrimidine and thiazole as used here refer to 2-methyl-.Tlnomomiothyl-(>- 
aininopyrimidine and 4-methy]-5-(Phydroxyethyl thiazole respectively. These are the two 
intermediates of thiamine. 
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Ifhodotorulu rubra grown on pyrimidine alone and Mucor ramannianu.s 
grown on thiazole alone also synthesized thiamine. Schopfer and Bhuner (9) 
showed that Schizophyllmii commune , whieh requires pyrimidine only as a 
supplement, formed thiamine in sueh a medium. From these reports, and 
those of others, it appears probable that the first of the interpretations pre¬ 
sented above on the relation of fungi to thiamine is the more nearly correct. 

In surveying the relation of species of CcratostomcUu and other fungi to 
vitamins, several were found to suffer from thiamine deficiencies (18, 19, 
20). It appeared worth while to determine for the members of this group the 
kind of thiamine deficiency concerned, and in view of the earlier differences 
in opinion to learn also whether thiamine or a physiologically equivalent 
substance was produced by those capable of growing on media supplemented 
by one or both intermediates. 

METHODS AND MATERIALS 

The fungi investigated were ('crutoslomcUa fimbnata , (\ ips Xo. 255, 
(\ microspora No. ('109, (\ montnun No. C424, (\ obscura No. C 104, 
(\ penicilluin No. V 110, V. piccaperdu No. 240, (\ pint No. 410, (\ pint No. 
512, V. radicicolu No. 11201, (\ slenoccras No. 107, V craloslomclla from the 
London plane tree (CLP), (' hularopsis thicluvioides No. (- 117, Endocomdio- 
phoru (Ccrufosfomcflu) purudo.ru No. 110, Mu cor ruma union us, and Poly - 
porus versicolor No. 71700 K. 

Each organism was grown in triplicate in test tubes at 20° V on a basal 
solution solidified with 1.5 per cent purified agar- and supplemented with 
5 m|i moles of pyridoxine and 0.05 pg. of biotin methyl ester, and on the same 
medium plus per tube 10 nip moles of thiamine, of pyrimidine and thiazole, 
of pyrimidine, or of thiazole. Each test tube contained 8 ml. of medium. 

All media were sterilized by autoclaving at 14 lbs pressure for 20 min¬ 
utes. The thiamine and p\ ridoxine were Merck’s synthetic and the pyrimi¬ 
dine and thiazole’ were supplied by the same company. The asparagine was 
purified by treatment with Norit A and recrystallization from alcohol. The 
biotin methyl ester was obtained from the SA1A corporation. 

OBSERVATIONS 

Types of Response to Thiamine and its Intermediates. Four of the 
fifteen fungi tested proved to be unable to use the intermediates but required 

2 The basal solution contained per liter 50 g. dextrose, 1.5 g. KII..PO,, 0.5 g. 
MgH() 4 '7H a (), and 2 g. asparagine. To this solution the following trace elements were 
folded in p.p.m. 0.005 B, 0.02 Uti, 0.1 Fe, 0.01 (la, 0.01 Mil, 0.01 Mo, and 0.00 Zn. The agar 
was purified by extraction with 5 per cent pviidinc followed by 0.1 N I1U1 and neutraliza¬ 
tion with Ca(OH)j. 

'* Home samples of thiazole are contaminated with pyrimidine. We have been furnished 
such samples and have had reports to this effect from three other imestigators. 
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thiamine as such. These were Ceraloslomella fimbriata , CLP, C. pcnicillata, 
and ('h alar ops is thiclavioidcs. The response of CLP, typical of this group, is 
shown in figure 1 A after 13 days growth on the basal agar medium and on 
that supplemented with thiamine, the two intermediates, pyrimidine, or 
thiazole. 

Five of the fifteen fungi grew satisfactorily on the basal medium supple¬ 
mented with thiamine, or with the two intermediates, but failed to grow 
when the supplement was limited to pyrimidine or to thiazole. These fungi 
were Ccratosiomclla ips , C. pini No. 41G and No. 312, C. radicicola, and 



Fio. 1. Types of tliininhu* deficiency. Kadi fungus grown on a linsal medium supph- 
mciitcd ms follows: from left to right, nothing, thiamine, thiazole and pyrimidine, pyrimi 
dine, thiazole. A, Carat oslometta from London plane tree 1 ; B, Cera Io.\lamelia pint; (\ 
Muear ramanntann.s ; I), Ceral ox I amelia motif (tint; K, AspertjiU ns uttp r. 

Pol fj pants versicolor . As far as could be judged from the growth on the 
agar slants, the two intermediates were as satisfactory as thiamine for these 
fungi. The growth of a typical representative of this group, C. pini No. 312, 
six days mid, is shown in figure 1 B. 

Six of the fungi grew on media supplemented with thiamine, with the 
two intermediates, or with pyrimidine, but did not grow on the basal medium 
or on the medium supplemented with thiazole. These fungi were V. micro- 
spora, (\ montinm , C. obscura, (\ piccaperda, C. stmoccras , and Endo- 
conidiophora paradoxa (fig. 1 I)). 
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None of tlie fifteen showed a response like that of M. ramannianun (fig. 
1 C) which arrows on media supplemented with thiazole, but not on those sup¬ 
plemented with pyrimidine. 

Quantitative Relations. The effect of various amounts of thiamine on 
the growth of CLP and E adoron id i oph ora pa rad ox a was studied briefly. 
These two fungi were grown in triplicate in test tubes containing 8 ml. of 
the basal agar medium supplemented per tube with 5 mp moles of pvridox- 
ine, 0.05 pg. of biotin, and 2 mg. of casein hydrolysate plus thiamine as fol¬ 
lows: none, 0.001, 0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, or 1.0 mp mole. 
At the end of eleven days the growth of CLP had covered the slopes in those 
tubes containing 0.25 mp mole or more of thiamine. With smaller amounts 
growth was decreased (fig. 2). The effect of 0.001 nip mole of thiamine was 
slight but a isible. Tinier our experimental conditions 0.001 nip mole of thia- 



Fi(i. 2. Quantity of tliiaiuinc and CLP. From loft to light, hnsnl medium plus nip 
moles of thiamine as follows: 0.5, 0.25, 0.1, 0.05, 0.025, 0.01, 0.001, none. Age, 11 days. 

mine was slightly but detectable beneficial to CLP and quantities of 0 5 nip 
mole or greater appeared to give the maximum benefit. 

For E. paradoxa an effect of 0.001 nip mole of thiamine was not observed, 
but 0.01 nip mole was slightly beneficial. The growth increased in extent and 
heaviness up to 0.075 mp mole of thiamine per tube. 

While the growth of CLP or E. paradoxa on slants of an agar medium 
properly prepared could be used for approximating the quantity of thiamine 
in a substance to he assayed, the method is time-consuming and approximate 
only. It is doubtful whether further refinement would be desirable. 

The daily growth rate in mm. of Plntcompvrs blakeslcvanus, two strains 
of E. paradoxa (No. C 116 and No. B 520), and C. radicicola was determined 
in tubes in the presence of various amounts of thiamine after the method 
described by Beadle and Tatum (1). Fifteen ml. of the basal agar medium 
supplemented with pyridoxine, biotin and casein hydrolysate and quantities 
of thiamine ranging from 0,001 to 0.5 mp mole were used per tube. In our 
experiments the growth rate of none of the fungi mentioned was sufficiently 
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correlated with the quantity of thiamine to suggest that it could be success¬ 
fully used for determining thiamine by this method. 

Synthesis of Thiamine from the Intermediates. The synthesis of thia¬ 
mine by the fungi which grew on media containing the two intermediates 
was determined as follows : 

Each fungus was grown in duplicate in 125 ml. Erlenmeyer flask con¬ 
taining 25 ml. of the basal solution supplemented per flask with 10 nqj moles 
of pvridoxine, 0.05 pg. of biotin, and 10 mp moles each of pyrimidine and 
thiazole. Some flasks containing the same solution were retained uninocu¬ 
lated. After a moderate amount of growth had developed in the inoculated 
flasks (after from 5 to 14 days), acid produced by the fungus was neutral¬ 
ized with dilute KOII, sufficient purified agar was added to make a 1.5 per 
cent solution, and the flasks were autoclaved. At the same time agar was 
added to the uninoculated solutions which also were autoclaved. Both the 
check medium and that in which the fungus under investigation had grown 
were then inoculated with CLP. Since this organism does not grow unless 
the culture medium contains molecular thiamine, its development demon¬ 
strated the presence of thiamine or a physiologically equivalent substance. 
C. ips, the two strains of C. pini , C. radicicola , and Polyporus versicolor 
were found to produce appreciable quantities of thiamine when grown in 
liquid media supplemented with thiazole and pyrimidine. 

In this method both the mycelium and the liquid in which the fungus 
under investigation grew were included in the final test medium. It is not 
possible to say whether the thiamine which was produced was retained by 
the fungus mycelium or excreted in part into the surrounding liquid. 

Synthesis of Thiazole and Thiamine. The synthesis of thiazole 4 by 
those fungi which grew in a solution supplemented with pyrimidine was 
demonstrated by a procedure similar to that used in testing for thiamine 
production. However, the fungus investigated was grown in the basal solu¬ 
tion supplemented with pyridoxine, biotin, and pyrimidine. M. ramannianus 
was used as a test organism for thiazole. The synthesis of thiamine also was 
determined for this group by using CLP. 

Each of the six fungi which grew in solutions supplemented with pyrimi¬ 
dine only were found to produce thiazole and thiamine in a liquid medium 
supplemented with pyrimidine (fig. 3). 

Synthesis of Pyrimidine and Thiamine. The synthesis of pyrimidine 
and thiamine by M. ramannianus was demonstrated by cultivating the fun¬ 
gus in the basal solution supplemented with thiazole. E. paradox a was the 

4 The bioassays used in this investigation do not prove the presence of free thiazole 
or free pyrimidine. 



i»4;n 


ROBBINS AND MA: FUNGI AND THIAMINE 


195 


test organism employed for pyrimidine and CLP for thiamine. Appreciable 
quantities of both pyrimidine and thiamine were found to be produced by 
M. ramannianvs when grown in the basal solution supplemented with 
thiazole. 



Fid. Synthesis of tliiazole and of thiamine by Cn'otostomrUa stmocrron in a basal 
solution containing pyrimidine. (J) The basal solution supplemented with pyrimidine 
solidified with purified agar and inoculated with Mncor ramannianits; (2) basal solution 
supplemented with pyrimidine in which C. sIcnocmis was grown II days. After addition 
of agar and autoclaving inoculated with . 1 /. ramonmanns; (3) same as (1) but inoculated 
with CcroloslomvUo from London plane tree {CLP) ; (4) same as (2) but inoculated with 
CLP. Age of cultures, 11 days. 

DISCUSSION 

Two of the organisms included in this report were previously studied. 
Schopfer and Blumer (10) found Poly poms (Pol t/sf ictus) rersicolor re¬ 
sponded to a mixture of pyrimidine and thiazole, but not to one alone. 
Schopfer (4, 5) and Miiller and Schopfer (»1) found thiazole permitted 
growth of M. ramaiuuaintst but pyrimidine was ineffective, and Schopfer 
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(8) reported that thiamine was formed by this fungus in a medium supple¬ 
mented with thiazole only. 

Combining the results obtained in this study, and those summarized by 
Itobbins and Kavanagh (17), 19 filamentous fungi are now known which 
require thiamine as such (the majority of these are species of Phytoph- 
thora) ; 15, able to use the two intermediates; 30, which grow when supplied 
with pyrimidine alone. M. ramannianus remains as the unique example of a 
fungus which grows in a medium supplemented with thiazole only. We 
cannot explain why among thiamine-deficient fungi the ability to synthesize 
thiazole is so much more common than ability to synthesize pyrimidine. If 
we consider that thiamine-deficient fungi evolved from forms autotrophic 
for thiamine by a progressive loss in synthetic power, the course of events 
would appear to have been as follows: loss of ability to make one of the 
thiamine intermediates followed by loss of power to combine the intermedi¬ 
ates into thiamine; and in such a sequence loss of ability to make pyrimidine 
would appear to have been far more frequent than to make thiazole. 

Our results together with those obtained by others support the assump¬ 
tion that the bio-synthesis of thiamine occurs through the formation of 
pyrimidine and thiazole, and the combination of these intermediates into 
thiamine. If these processes are enzymatic, as is likely, it would seem that 
separate enzyme systems are concerned in the formation of thiazole, of 
pyrimidine, and in the union of the two to form thiamine. Otherwise it would 
be difficult to understand how the loss of ability to synthesize one of the 
intermediates could occur without at the same'time causing loss of ability 
to synthesize another. 

Are there fungi able to synthesize one or both intermediates but unable 
to combine them into thiamine? The existence of such organisms would be 
possible if independent enzyme systems are concerned in the synthesis of the 
intermediates and of thiamine, as suggested above, though the evolutionary 
sequence discussed previously would militate against their occurrence. If 
such fungi exist, and this is not probable, they would be included in the 
group which requires the addition of molecular thiamine to the medium, and 
they could be identified by the proper bioassays under conditions in which 
the amount of thiazole and pyrimidine in the original cultures was known. 

In any event, the results of these investigations emphasize the importance 
of thiamine as an essential metabolite for the fungi. 

Tiie New York Botanical Garden 

4 
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Department of Botany, Columbia University 
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Rhodora 44: 341-405. pi 717-726. 17 () 1942, 416-452. pi 727-722. 7 N 
1942, 457-478. pi 737-744. 26 I) 1942. 

Femald, M. L. Transfers in Scirpns $ Actaeogrton. Rhodora 44: 479-484. 
26 1) 1942. 

Filho, M. A nova sistematica. Rodriguesia 6 n : 45-52. 15 .Te 1942. 

Foster, A. S. & San Pedro, M. R. Field studies on Mir roc peas ralocoma . Mem. 

Sot*. Club. Hist. Nat. 16: 105-121. pi 10-17. 15 An 1942. 

Fraser, W. P. Notes on the willows of Saskatchewan. Cnnnd. Field Nat. 66: 
104-110. O 1942 | 7 Ja 1943 |. 

Fulford, M. Studies on American Hepaticne IV—A revision of the genus Sinn- 
biezidunu. Llovdia 5: 293-304. f. 1-14. I) 1942. 

Gates, F. O. Kansas botanical notes, 1941. Trans. Kansas Acad. 45: 92, 95. 
1942. 

Gilly, C. Two new species of Caryocaraccae from northern South America. Trop. 
Woods 72: 16-18. 1 I) 1942. 

Gleason, H. A. Sctrpus koilolcpis , comb. nov. Rhodora 44: 479. 26 1) 1942. 
Gould, F. W. A systematic treatment of the genus Camassia Id mil. Am. Midi. 

Nat. 28: 712-742. /. 1-10. N 1942 |10 Ja 1943]. 

Graustein, J. E. Pnislemon laevigatas a misnomer. Rhodora 44: 485. 26 I) 1942. 
Green, G. R. Trees of North America (exclusive of Mexico). Vol. 1—The Coni¬ 
fers pj). 1-186; Vol. 11—The Broadleaves i-xvii, 1-344. lithoprinted Ed¬ 
wards Brothers. Ann. Arbor, Michigan. 1938. 

Grondona, E. M. Las especies del genero PoUigala oil la provincia tie Buenos 
Aires. Darwiniana 6: 83—121. f. 1-16. 15 S 1942. 

Gruber, C. L. Additional ferns in the Kutztown-Fleet wood area, Fa. Am. 

Fern Jour. 32: 151-152. O-l) 1942 |13 Ja 1943 |. 

Haupt, A. W. Studies in Californian Hepaticae HI. Crgplomitmnn hut ram. 

Bot. On*. 104: 264-272. /. 1-28. 8 Ja 1943. 

Herre, A. W. C. T. Additions to and comments upon the lichen tlora of the 
Santa Cruz peninsula, California. Am. Midi. Nat. 28: 752-755. V 1942 
[10 Ja 1943). 

Herre, A. W. C. T. Some noteworthy lichens from Florida. Bryologist 45: 180. 
1) 1942. 

Higinbotham, N. Ccphalomonas , a new genus of the Vohocales. Bull. Torre> 
Club 69: 661-668. f. 1-43. 2 1) 1942. 

Holdridge, L. E. Trees of Puerto Rico, IT. U. S. Dept. Agric. Trop. Forest F\p. 
Sta. Oec. Pap. 2: 1-105. illnsf. S 1942. 

Hollenberg, G. J. An account of the species of Pohjsiphoaia on the Pacific 
Coast of North America. I. Oligostphonia . Am. Jour. Bot. 29: 772-785. 
f. 1-12. 13 1) 1942. 

Holmgren, A. H. Handbook of the vascular plants of northeastern Newida. i-v, 
1—214. mimeographed. Utah Agr. Coll. & U. S. Dept. Interior Crazing 
Service. 1942. 

House, H. D. A few mosses collected in the Allegany State Park, Cattaraugus 
County, N. Y. Sci. Stud. St. Bonaventure Coll. 11 L> : 3. Ja 1943. 

Howelf, J. T. Another bindweed in California. Lead. West. Bot. 3: 179. 19 
N 1942. 

Howell, J. T. A notable accession to the Californian chick weeds. Leaf!. West. 
Bot. 3: 192. 19 N 1942. 

Howell, J. T. Studies in Phacelia —TIL Lead. West. Bot. 3: 190-192. 19 N 
1942. 
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Howell, J. T. A frliort list of plants from Cedros Island, Lower California. Lead. 
West. Hot. 3: 181-185. 19 N 1942. 

Howell, J. T. Western plants from here and there. Lead. West Rot. 3: 187-188. 
19 N 1942. 

Hunt, K. W. Ferns of tin* vicinity of Charleston, S. C. Charleston Mus. Lead. 
17: 1-5. T) 1942. 

Hyland, F. New combinations in Pyrins. Rhodora 45: 28. Ja 1943. 

Johnston, I. M. New Phanerogams from Mexico, V. Jour. Arnold Arb. 24: 
90-98. Ja 1943. 

Kobuski, C. E. Studies in the Tlicaceae, NIV. Notes on the West Indian species 
of Ttrnstrovmta. Jour. Arnold Arb. 24: <50—745. Ja 1943. 

Knobloch, I. W. A fern collection from Chihuahua. Am. Fern .four. 32: 127- 
138. 0-1) 1942. | 13 Ja 1943]. 

Kuhlmann, J. G. A doracao da Dialypt lalanlhu ,s f usccsccns, Kuhlman, no 
Jardim Rotanico. Rodrignesia 6 1 ": 27. 1 pi. 15 Je 1942. 

Kuhlmann, J. G. Rubiaceae Dialypt lalanllnts Kuhlmann. Rodrignesia 6 ,r *: 25, 
2d. / pi. 15 Je 1942. 

Lawrence, G. H. M. & Schulze, A. E. The culti\ated Uethrar. Centos Herb. 
6: 107-173. /. ?/-«SV/. 27 N 1942. 

Leonard, E. C. Three new species of Acanthaceae from Mexico. Jour. Wash. 
Acad. 32: 341-343. 15 N 1942. 

Li, Hui-Lin. Sch iroiii lissom da, a new genus of the Rubiaceae. Jour. Arnold 
Arb. 24: 99-102. Ja 1943. 

Little, E. L. New names in (Jut mus and Osman!Inis. Jour. Wash. Acad. 33: 
8-11. 15 Ja 1943. 

Lourteig, A. Rrimulncene Argentinae Lilloa 8: 231-207. pi. I -j f. 1-1). 25 J1 
1942. 

Lourteig, A. & O’Donell, C. A. Acal\ plicae Argentinne (Fuphorbiaceae). Lilloa 
8: 273-333. pi. 1 H f f. 1-1'K 25 J] 1942. 

McFarland, F. T. A catalogue of the vascular plants of Kentucky, Castanea 
7: 77-108. O-l) 1942. 

Machado, O. Contnbuicao ao estudo di Datura nisipnis Rarb. Rod. Rodriguesia 
6 r : 17-23. pi. 1-f. 15 Je 1942. 

McVaugll, R. < 4 ampanulales: ('ampanulaceae, Lobelioideae. North American 
Floia 32 A: 1 134. 5 Ja 1943 

Marie-Victorin, Frrir. Diorama cubt lists. Cue relujue d’adinite Afrieaine dans 
la flora de Cuba, Conti* Just. Rot. Fmv. Montreal 43: 1—Id. /. I—10. 1942. 
Marie-Victorin, Frh< & Rolland-Germain, Fitrt. Ibemieres observations botani- 
(pies sur la nouvelle route de I’Abitibi (Mont Launei-Senneterre). Contr. 
Inst. Rot. Cniv. Montreal 42: 1-48. /. 1-JJ. 1942. 

Martinez, M. Cna nueve Pinacene Mexicana. Punts duratft ns>s sp. now An. 
Inst. Riol. Mexico 13: 23-29. /. /-/. 1912. Piero chilinahuana sj>. now 31-34. 
f. 1-f. T T na Rubiaceae nueva de Mexico. 35-41. f. 1-f. 

Mathias, M. E. & Constance, L. New North American Cmbellifcrae—IT. Lull. 
Torrov Clu b 70: 58-dO. 2 Ja 1943. 

Mendoza, E. Las especies de Aspamt/ns cultivadas on la Argentina. Darwiniana 
4: 311-323. 22 Je 1942. 

Merrill, E. D. & Perry, L. M. Plantar ] > :ii>ii:in;ii‘ Arch bold lana, X. Jour. Arnold 
Arb. 23: 883-410. O 1942. XI. 24: 34-59. f. 1-7. .la 1943. 

Meyer, T. Revision de las espwies Argentina:* del genera Miloslit/ma (Asclejii- 
adaoene). T.illoa 8: 1 -3(5 ,‘pl. 1-7 l f. 1-J. 25 ,11 1942. 
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Miranda, F. Estudios sobre la vegctacion de Mexico. II. Observaciones prelimi- 
nares sobre la vegetacion de la region de Tapacliula, Chiapas (1). An. 
Inst. Biol. Mexico 13: 53-70. /. 7-/7. 1942. 

Moldenke, H. N. Verbena marHima. lleaeli Vervain. Native of Florida. Ad- 
disoma 21: 59, 60. pi. 70S. 30 N 1942. [7 Ja 1943). 

Moran, R. The generic status of Hawaii th tut. Desert 14: 105-109. f. IS. N 
1942. 

Moran, R. The status of Vudleya and Stylophylhnn. Desert 14: 149-157. f. J, 
S. O 1942. 

Moyle, J. B. A field key to the common non woody flowering plants and ferns 
of Minnesota, rev. ed. 1-71. lithoprinted. Burgess Pub. Co., Minneapolis, 
Minn. 1941. 

Muenscher, W. C. & Winne, W. T. Common poisonous plants. Cornell Ext. Bull. 
538: 1-31. /. ISO. 8 1942. 

Muller, C. H. A new species of Qucrcnx in Texas. Am. Midi. Nat. 28: 743-745. 
/. 1. N 1942 [10 Ja 1943). 

Munz, P. A. Studies in Onagraceae XIT. A revision of the New World species 
of Juftxmea. Darwiniana 4: 179-284. pi. ISO -i /. 1-10. 22 Je 1942. 
O’Donell, C. A. & Lourteig, A. Chrozophoreae Argentinae. Lilloa 8: 37-81. 
/. 1-10. 25 J1 1942. 

Olmo, H. P. The use of seed characters in the identification of grape varieties. 

Proe. Ain. 8oc. llort. 8ci. 40: 305-309. My 1942. 

Pierce, J. H. The American species of Vanbndonia (Leguminosae). Trop. 
Woods 72: 12-15. 1 J) 1942. 

Porsild, A. E. Miscellaneous contributions from the National Herbarium of 
Canada, III. Canad. Field Nat. 66: 112, 113. O 1942 [7 Ja 1943]. 
Ragonese, A. E. & Covas, G. Flora de la Provincial de Santa Fe (Rep. Argen¬ 
tina). Las Palmeras. Darwiniana 4: 285-302. pi. IS + f. IS. 22 Je 1942. 
Record, S. J. American timbers of the genera Dalbcryui and Machaerunn. Trop. 
Woods 72: 1-11. 1 I) 1942. 

Record, S. J. Keys to American woods. Trop. Woods 72: 19-35. 1 I) 1942. 
Reeder, J. R. The status of Dislichhx (lrntata. Bull. Torrcv Club 70: 53-57. 
f. 1. 2 Ja 1943. 

Reeves, R. G. & Mangelsdorf, P. C. A proposed taxonomic change in the 
tribe Maydeae (family Gramiueae). Am. Jour. Bot. 29: 815-817. D 1942 
|18 Ja 1943]. 

St. John, E. P. A new Thrlypterix from Florida. Am. Fern Jour. 32: 145-147. 
O-D 1942 [13 Ja 1943). 

Scanlon, G. M. A study of the genus Cyprrns in the Hawaiian Islands. Catholic. 
Univ. Am. Biol. Her, 41: 1-62. 1942. 

Schulz, A. G. Las Pontedhriaeeas de la Argentina. Darwiniana 6: 45-82. pi. IS 
Y f. 7-7 J. 15 8 1942. 

Shanks, R. E. The vegetation of Trumbull County, Ohio. Ohio Jour. 8ei. 42: 
220-236*. N 1942. 

‘Shaver, J. M. Some general notes on ferns. Jour. Tenn. Acad. 17: 311-336. 
pi. 1+f. 1-7. O 1942. 

Sherff, E. E. Revision of the Hawaiian members of the genus Pitfosporum 
Banks. Field Mus. Bot. 8er. 22'°: 467-566. 16 N 1942. 

Sherff, E. E. Some new or otherwise noteworthy Mexican Coreopsideac (Genera 
Ueteroxperma Cav. and Bui ms L.) and a note on Xylosma Jfawaiiense 
Seem. Field Mus, Bot, 8er. 22 10 : 567-573. 10 N 1942. 
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Smith, A. 0. The American species of Drimys. Jour. Arnold Arb. 24: 1-33. 
f. 1-3 . Ja 1943. 

Standley, P. C. A Steyermark, J. A. Studies of Central American plants—III. 

Field Mus. Bot. Ser. 23': 3-28. 14 Ja 1943. 

Stebbins, G. L. The concept of genetic homogeneity as an explanation for the 
existence and behavior of rare and endemic species. Chron. Bot. 7: 252, 
253. B 1942. 

Steere, W. C. Notes on Michigan Bryophytes—VI. Bryologist 45: 153-172. I) 
1942. 

Stehl6, H. (Catalogue des crvptogames vasculaires des Antilles Francaises. Carib. 
Forester 4: 35-47. O 1942. 

Stevens, W. C. A Dill, F. E. Aplcctrum spicatum in a Kansas woodland. Trans. 

Kansas Acad. 45: 138 -144. pi. 1-1. 1942. 

Taft, C. E. Additions to the algae of the west end of Lake Erie. Ohio Jour. 
Nci. 42: 251-250. pi 1 , *. N 1942. 

Taylor, W. R. Caribbean marine algae of the Allan Hancock Expedition, 1939. 

Allan Hancock Atlantic Exped. Rep. 2: 1-393. pi 1-30. N-l) 1942. 

Thorpe, H. G. Alchnmlla pralensis in Erie County, New York. Rhodora 45: 
27. .la 1943. 

Turrill, W. B. Taxonomy and phytogeny. Bot. Rev. 8: 055-707. 1) 1942. 
Upham, A. W. Eptpachs lahfolia in New Hampshire. Rhodora 44: 450, 457. 
20 I) 1942. 

Vassilchenko, I. I. Pber die Bedeutung dor Kcimungsmorpliologie fur die 
phvlogenotische Systematik dor Blutenpdanzen. (’hion. Bot. 7: 254, 255. 
1) 1942. 

Wheeler, L. C. A martin thus Pon'dlu in California. Lead*. West. Bot. 3: 185- 
187. 19 N 1942. 

Wherry, E. T. The discoveries of new Pennsylvania ferns. Am. Fern Jour. 32: 
148, 149. O-l) 1942 | 13 Ja 1943 |. 

Wherry, E. T. Observations on Florida ferns. Am. Fern Jour. 32: 139—345. 0-0 
1942 [ 13 da 1943). 

Wherry, E. T. The Phloxes of Nevada. Not. Nat. 113: 3-11. 20 N 1942. 

Wherry, E. T. Relationship of Liluuu Mirlitf/ancn.sr. Rhodora 44: 453-450. 20 
I) 1942. 

Wiggins, I. L. New locality for a curious California polypody. Am. Fern 
dour. 32: 149 151. />/. 13. O-l) 1942 113 da 1943]. 

Williams, L. O. A new Epulnulrum from Panama. Am. Orchid Soe. Bull. 11: 
249. pi 7. 1 I) 1942. 

Williams, L. O. Two new Saccoglossums from New Guinea. Am. Orchid Soc. 
Bull. 11: 297-299. pi 3. 7 da 1943. 

Woodson, R. E. A Schery, R. W. Contributions toward a flora of Panama. VI. 
Colli ctions chiefly by H. von Wedel in Bocas del Toro. Ann. Mo. Bot. (bird. 
29: 317-378. pi 30-31 1 f. 18 P 1942. 

Yuncker, T. G. Nomenclatural changes in the genus C//.sr/P«, and notes on some 
American species. Bull. Torrey Club 70: (>1-57. 2 Ja 1943. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(See also under Taxonomy. ('beadle, Vassilchenko) 

Burton, G. W. Observations on the dowering habits of four Paspalum species. 
Am. Jour. Bot. 29: 843-848. /. 1-3. 1) 1942 (18 Ja 1943]. 
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Esau, K. Vascular differentiation in the vegetative shoot of Limern. I. The pro- 
cambium. Am. Jour. Rot. 29; 738-747. /. 1-29. 33 I) 1942. [18 Ja 1943]. 

Ford, E. S. Anatomy and histology of the Eureka lemon. Bot. Gaz. 104; 288- 
305. /. 1-47. 8 Ja 1943. 

Fulford, M. Development of sporelings in the Lejeunoaceae. Bull. Torrev Club 
69: 627-033. 2 D 1942. 

Fulford, M. Sporelings and vegetative reproductive structures in Archilejcunea . 
Bryologist 45; 173-175. /. 1-20. D 1942. 

Fulford, M. Sporelings and vegetative reproductive structures in Mastiff ole jeunca 
aunculata. Am. Jour. Bot. 29: 848-850. /. 1-19. D 1942. [38 Ja 1943) 

Gier, L. J. A Burress, R. M. Anatomy of Taraxacum officinale i Weber . 1 Trans. 
Kansas Acad. 46: 94-97. /. A-E. 1942. 

Gifford, E. M. The structure and development of the shoot apex of Ephedra 
altismna Desf. Bull. Torrey Club 70: 35-25. f. 1-11. 2 Ja 1943. 

Goodwin, R. H. On the development of xylary elements in the first inter node 
of A vena in dark and light. Am. Jour. Bot. 29: 83 8-828. D 1942. (18 Ja 
1943]. 

Hartzell, A. Vegetative propagation of red squill. Contr. Boyce Thompson 
Inst. 12: 481-483. /. 7. 15 1) 1942. 

Heimsch, C. Comparative anatomy of the secondary xylem in the Gnmtales 
and Terebmthales of Wettstein with reference to taxonomic grouping. 
Lilloa 8: 85-398. pi. 1-17. 25 J1 3942. 

Higinbothaxn, N. The three-dimensional shapes of undifferentiated cells in the 
petiole of Angioptcris cvecta. Am. Jour. Bot. 29: 851-858. f. 1-16. I) 
1942 [18 Ja 1943], 

Palser, B. F. Histological responses of Vicia faba to indoleaeetic acid. Bot. Gaz. 
104: 243-263. f. 1-23. 8 Ja 1943. 

Reeve, R. M. Structure and growth of the vegetative shoot apex of Gan pa 
ellipUca Dougl. Am. Jour. Bot. 29: 697-710. pi. 1-3. 13 D 1942. 

Simonds, A. O. Histological study of freezing, desiccation, and winter injury 
of raspberry canes. Bot. Gaz. 104: 356-361. /. 1-S. 8 Ja 1943. 

Struckmeyer, B. E. & Roberts, R. H. Investigations on the time of blossom 
induction in wealthy apple trees. Proc. Am. .Soc. Hort. Hci. 40: 113-119. 
/. 1-1. My 1942. 

Trent, J. A. Studies pertaining to the life history of Spccularia pcrfolktia (L.) 
A. DC., with special reference to cleistogamy. Trans. Kansas Acad. 45: 
152-164. pi. 1-4. 1942. 

Villagran Prado, P. Contribution al conocimiento de la histologia v citoiogia 
del Maguey (Agave). An. Inst. Biol. Mexico 13: 43-46. /. 1-4. 1942. 

Vivian, V. E. Symmetry studies in Sagina. Bull. Torrey Club 69: 634-046. 
f. 1-72. 2 1) 1942. 

Wilson, C. L. The tolome theory and the origin of the stamen. Am. .lour. Bot. 
29: 759-764. f. 1-29. 13 I) 1942. 

PLANT PHYSIOLOGY 

(See also under Mycology: Braun & Laskarls) 

Amon, D. I., Fratzke, W. E. A Johnson, C. M. Hydrogen ion concentration 
in relation to absorption in inorganic nutrients by higher plants. Plant 
Physiol. 17: 515-524. f. 12. O 1942. 

Avery, G. S., Berger, J. A Shalucha, B. Auxin content of maize kernels during 
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ontogeny, from plants of varying heterotic vigor. Am. Jour. Hot. 29: 
705—772. /. 7—J. 13 I) 1024. 

Avery, G. S., Berger, J. & Shalucha, B. Comparative activity of synthetic auxins 
and derivatives. Hot. Gaz. 104: 281-287. 8 Ja 1943. 

Ayers, A. D. Comparison of the calcium and sulphur content of plant fluids 
expressed from tissues killed by autoclaving and freezing with solid carbon 
dioxide. Plant Physiol. 17: 661-665. () 1042. 

Bair, B. A. Growth rates of maize under field conditions. Plant Physiol. 17: 
010-033. /. 1-6. O 1042. 

Baker, D. & Nelson, J. M. Tyiosinasc and plant respiration. Jour. Gen. Physiol. 
26: 209-270. 20 Ja 1043. 

Burrell, A. B., Cain, J. C. & Brinkerhoff, L. A. Response of apple trees to potash 
in the Champlain Valley. IT. A thiid-ycar growth response and a first year 
reduction in leaf-scorch. Prop. Am. Hoc. Hort. Sci. 40: 8-12. My 1042. 
Carroll, G. H. The role of ascorbic acid in plant nutrition. Bot. Rex. 9: 41-48. 
Ja 1043. 

Childers, N. F. & White, D. G. Influence of submersion of the roots on transpira¬ 
tion, apparent photosynthesis, and respiration of young apple trets. Plant 
Physiol. 17: 603-618. f. 7-9. () 1042. 

Cochran, H. L. Influence of photoperiod on tin* time of flower primordia differ¬ 
entiation in the perfection pimiento (('opsinmi fruUscrns L.). Proe. Am. 
Hoe. Hort. Sci. 40: 493-497. f. 1. My 1942. 

Colwell, R. N. The use of radioactixe phosphorus in translocation studies. Am. 

Jour. Hot. 29: 798-807. f. 7-9. ]) 1942 |18 Ja 1943]. 

Commoner, B. & Mazia, D. The mechanism of auxin action. Plant Physiol. 17: 
682-685. /. 7. O 1942. 

Davis, L. D. The relation between diameter and fresh weight of developing peach 
fruits Proe. Am. Hoc. Ilort. Sci. 40: 146-152. My 1942. 

Dawson, R. F. Nicotine synthesis in excised tobacco roots. Am. Jour. Hot. 29: 
813-815. I) 1942 | 18 J J( 1943). 

Denny, F. E. Effect of a few hours of chilling upon the germination of gladiolus 
conns subjected to an artificially prolonged rest period. Uontr. Hoyee 
Thompson Inst. 12: 375-386. /. 7, J. J l-S 1942. 

Denny, F. E. The use of methyl ester of « naphthaleneacetic acid for inhibiting 
sprouting of potato tubers, and an estimate of the amount of chemical 
retained by tubers. Uontr. Hovce Thompson Inst. 12: 387-403. /. 1—1. Jl-S 
1942. 

Denny, F. E. & Thornton, N. C. Tin* third year’s results on storage of potato 
tubers in relation to sugar content and color of potato chips. Uontr. Hovce 
Thompson Inst. 12: 405-429. /. 7, i. Jl-S 1942. 

Eaton, S. V. Influence of sulphur deficiency on metabolism of black mustard. 
Hot. Gaz. 104: 306-315. f. 7. 8 Ja 1943. 

Eyster, H. C. Enzymes and the law of mass action. Plant Physiol. 17: 686-688. 
O 1942. 

Flemion, F. Effect of the addition of nitrogen upon germination of seeds of 
Spmphoricarpos mcruutsus. Uontr. Hovce Thompson lust. 12: 485-489. 
15 1) 1942. 

Flint, L. H. A Moreland, C. F. A comparison of the* effects of green light and 
red light on the simple-leaf development of intact and decapitated bean 
plants. Plant Physiol. 17: 677-681. f. 7. O 1942. 
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Gustafson, F. G. fl-Naphthoxyacetic acid as an inductor of parthenoearpy in 
tomatoes. Proc. Am. Hoc. Hort. 8ci. 40: 387—389. My 1942. 

Harvey, E. N. Hydrostatic pressure and temperature in relation to stimulation 
and cyelosis in Nilella flexilix. Jour. Gen. Physiol. 25: 855-803. 20 Jl 1942. 

Hitchcock, A. E. A Zimmerman, P. W. Root inducing substances effective on 
apple euttiugs taken in May. Proc. Am. Hoc. Hort. Sci. 40: 292-297. /. 7-^. 
My 1942. 

Hitchcock, A. E. A Zimmerman, P. W. Root-inducing activity of phenoxy com¬ 
pounds in relation to their structure. Contr. Bovee Thompson Inst. 12: 
497-507. /. 1-4. 15 D 1942. 

Hoagland, D. E. & Broyer, T. 0. Accumulation of salt and permeability in plant 
cells. Jour. Gen. Physiol. 25: 865-880. 25 Jl 1942. 

Hodgkiss, W. S. el al. The amount of boron absorbed by soybean plants and its 
effect on their growth. Plant Physiol. 17: 652-660. f. 1. () 1942. 

Janes, B. E. A comparison of the chemical composition of artificially produced 
parthenocarpic fruits and normal seeded fruits of peppers. Proc. Am. Hoc. 
Hort. Sci. 40: 432-436. f. 1-2. My 1942. 

Kavanagh, F. The interaction between thiamine and four fungi. Bull. Torrcv 
Club 69: 669-692. /. 1-16. 2 1) 1942. 

Kienholz, J. R. Boron deficiency in pear tree. Phytopathology 32: 1082. /. i. 
1) 1942. 

Kramer, P. J. Species differences with respect to water absorption at low soil 
temperatures. Am. Jour. Bot. 29: 828-832. J) 1942 |18 Ja 1943J. 

Lee, F. A. A Tukey, H. B. Chemical changes accompanying growth and develop¬ 
ment of seed and fruit of the Elbert a peach. Bot. Gass. 104: 348-355. /. /. 
8 Ja 1943. 

Lowenhaupt, B. Nutritional effects of boron on growth and development of the 
sunflower. Bot. Gaz. 104: 316-322. 8 Ja 1943. 

Lyman, C. A Dean, L. A. Zinc deficiency of pineapples in relation to soil and 
plant composition. Soil Science 54: 315-324. N 1942. 

Mcllvanie, S. K. Carbohydrate and nitrogen trends in bluefinch wheatgrass, 
Afjropijron xpicahem, with special reference to grazing influences. Plant 
Physiol. 17: 540-557. f. 1-8. O 1942. 

Macht, D. I, Influence of sulfanilamide and derivatives on growth of Lupimtx 
albux. Plant Physiol. 17: 671-676. O 1942. 

Miller, L. P. Synthesis of (1-2-tnchlorocthyJ O-glucoside and its isolation from 
corn and dandelion plants treated with chloral hydrate. Contr. Boyce 
Thompson Tnst. 12: 4(55-470. 35 I) 1942. 

Mithchell, J. W. A Whitehead, M. E. Effects of vaporous naphthoxyacetic acid 
on development of tomato fruits with special reference to their vitamin C 
content. Bot. Gaz. 104: 3(52-365. f, 1-2. 8 Ja 1943. 

Mullison, W. E. A Mullison, £. Growth responses of barley seedlings in relation 
to potassium and sodium nutrition. Plant Physiol. 17: 632-644. f. 7-J. 
O 1942. 
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THE TERTIARY CHARACTER OF THE COVE HARDWOOD 
FORESTS OF THE GREAT SMOKY MOUNTAINS 
NATIONAL PARK 1 

* - Stanley A. Cain 

It is the purpose of this paper to show by indirect means that large 
numbers of the genera of the cove hardwood forests are ancient genera whose 
species have long lived in the southern Appalachian reprion. In order to 
develop the probability of this thesis, it is necessary to make certain assump¬ 
tions. Direct evidence is lacking. 

Abundant fossils of anpriospermous forms appear in tlie Cretaceous, and 
in the later Cretaceous the flora had become pretty thoroughly modernized 
with respect to families and genera of flowering plants. Throughout the 
long history of angiuspermous evolution, the southeastern highlands of the 
United States have been continuously available for occupancy by plants. At 
longer or shorter intervals of time during this period overland highways 
have been available for plant migration. The modern flora shows relation¬ 
ships with the south—tin* Caribbean, Mexico, and Central and South Amer¬ 
ica—, with the north, and, by means of northern routes, with western Amer¬ 
ican, eastern Asia, and Europe. Plant genera which undoubtedly originated 
elsewhere have found their way into the southern states; and from this area 
migrations have carried some stocks to remote regions. At other times con¬ 
nections have been broken by encroachment of seas upon the land—as by the 
Mississippi Embayment—or by ice from the north. Continental shelves have 
- been submerged and coastal plains built up. 

Unfortunately, however, the fossil record during this time is absent for 
the southern highlands themselves. It is onlv bv indirection that we can 
know the nature of the flora of this region. Rather abundant Cretaceous and 
early and middle Tertiary fpssils are available in the‘southeastern states, 
but only for lowland floras where land and sea have met and suitable sedi¬ 
mentary basins have been available. 

Of the 81 genera that made their appearance in the Eocene Wilcox flora, 
HG per cent are tropical in their modern affinities, and probably also in their 
ancestry, according to Berry (1930). The Oligocene, he said (Berry 1923), 
was “a time of tropical marine deposits along the southern coast.” And 
although the “Miocene was pre-eminently the period of hardwood forests,” 
the upland flora was undoubtedly scantily represented in the coastal deposits. 

1 Contribution from tlie Department of Botany, The University of Tennessee, New 
Series No, 59. 

The tables are published with the assistance of the Lueien M. Underwood Memorial 
Fund. 
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In the following tables and calculations of percentages only fossil records 
from the southeastern states have been considered. Had records from western 
North America, Greenland, Europe, and Asia been employed, many addi¬ 
tional genera could be added to those known from the Cretaceous and 
Tertiary of the southeastern states. It seems reasonable to assume, however, 
that several genera of more northern areas, characteristic of temperate and 
cool temperate climates, must have found their way southward in the up¬ 
lands even while the shores of the Gulf were clothed by species of Ficus , 
Cinnamomum, Lauras, and other genera of warm temperate and sub¬ 
tropical nature. This assumption is warranted by the observation of modern 
distributions. For example, red spruce that reaches sea level in Maine does 
not go lower than 4-5,000 feet in the Great Smoky Mountains. At lower lati¬ 
tudes the same species or ecologically equivalent plants must live at higher 
altitudes in order to find environmental conditions to which they are 
adapted. 

It is assumed, then, that the incomplete record of modern southern Appa¬ 
lachian genera in the Cretaceous and Tertiary deposits of the southeastern 
states is not necessarily due to their absence from the southeastern states 
(or from their chance absence from such floras as the Wilcox, or their lack 
of discovery as fossils), but is due to their remoteness in the southern up¬ 
lands from suitable sedimentary basins. It seems to be more surprising that 
as many temperate genera occur as do, rather than that certain ones are 
absent from the fossil records. What chance, for example, would Picca rubcus 
and Abies Fraseri of the present boreal forest of the Smokies have to enter 
a modern sedimentary basin at low elevation? 

The use of the latitude-altitude relation is based on the assumption that 
the species of the past had approximately the same climatic requirements 
as do species of the same genera today. Generally this assumption is valid 
although it is well known that tropical genera and families may have occa¬ 
sional truly temperate forms, or the reverse, that temperate genera and 
families may have some tropical representatives. This assumption is at the 
heart of the principle of synchronization in the dating of geological floras 
as discussed by Chaney (1936). For example, when the Eocene redwood 
forest was in Alaska, a subtropical flora occupied Washington and Oregon. 
By Miocene time the redwood forest had migrated down the coast to replace 
the subtropical, but undoubtedly many of the temperate forms of the Mio¬ 
cene redwood forest of the John Day basin came not only down from the 
north but also down from higher elevations of approximately the same lati¬ 
tude. This ecological interpretation is valid, but the assumption that all 
deposits with the same flora are synchronous is not valid. 

The second major assumption involved in the present thesis is that the 
ancient nature of certain genera can be deduced from modern areas. It is 
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not tlie size of a generic, area that is important, but whether the total area 
is interrupted by major disjunctions wider than the dispersal capacities of 
the forms concerned. For example, on the American and Eurasian continents 
the Pleistocene ice sheets produced disjunctions of once transcontinental 
ranges. Western and eastern American species of several genera are no 
longer in contact, and many genera once in western as well as eastern 
North America are no longer represented west of the Great Plains (Fernald 
1925). Similarly, many species were forced to withdraw from great portions 
of their Eurasian ranges with the continental ice advances and, especially in 
Europe, there was considerable extinction (Lippmaa 1938). 

Long before the Pleistocene, however, the break-up of once circumboreal 
ranges had commenced in certain regions. From the London (-lay flora, for 
example, it is seen that the subtropical elements were withdrawing from 
western Europe and being replaced by temperate forms; and in the later 
Tertiary many of the temperate ranges were disrupted. In America the 
disruption of transcontinental ranges had been going on steadily with the 
progressive desiccation of the continental interior by the barrier to the 
moisture-laden winds from the west formed by the Cordilleras. 

Whatever the time of the transoceanic connections (whether by land 
bridges, as was undoubtedly the case in more recent times, or by continental 
displacement), two points are clear. In the first place, such connections 
across the north Pacific and the north Atlantic undoubtedly once existed; 
and second, climatic conditions were more favorable than now, because tem¬ 
perate plants can only migrate through regions of temperate climate. Demon¬ 
stration of a land bridge does not prove a migratory tract— conditions must 
be suitable for the plants under consideration. 

It is thus reasonable to assume that certain types of modern areas could 
only have been attained in Cretaceous and early Tertiary times. This applies 
with conspicuous reasonableness to those genera which today have species 
only in eastern North America and in eastern Asia; and applies with only 
slightly less certainty to those genera that have species of circumboreal area. 
As a matter of fact, in the absence of fossil records, it is only of those genera 
that are strictly American endemics, and especially wdien confined to the 
Atlantic half of the continent, that one cannot certainly say that they are 
as old as the Tertiary. 

The assumption has been made that many temperate genera not known 
from the early Tertiary deposits of the southeastern states existed in that 
region at higher elevations than the floras represented by the Wilcox. It is 
necessary, then, to consider w hether such uplands probably existed, for if 
there is evidence of their presence the assumption that they w T ere covered 
by a temperate flora lias a high degree of probability. It is true that when 
subtropical and warm temperate floras were in the lowlands of the south- 
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eastern states warm types also penetrated low-lying areas much farther 
northward, as at Brandon, Vermont. Synchronous with these invasions was 
a northward extension of temperate types to relatively high latitudes. At 
the same time there must have been an upward migration in mountainous 
regions of all vegetational belts. The problem, then, is whether there were 
in the southern states any land masses of sufficient elevation to have sup¬ 
ported temperate floras during the early Tertiary and permitted an inter- 
digitation of climatically different floras. 

This seems to be a difficult question to answer, but some indication of 
the situation is obtainable from Wright (1932). The oldest erosion surface 
that is well preserved in this region is the Schoolev peneplain. This erosion 
level stands today at about 3,100 feet at Pisgah and 4,000 feet near Grand¬ 
father Mountain, North Carolina. Certain mountain groups, supposedly as 
monadnoeks, rise above the well developed Schoolev level in nearby areas. 
For example, Grandfather Mountain now rises about 2,000 feet above the 
Schooley level, and Blue Ridge and Great Smoky Mountain peaks rise from 
1,000 to more than 3,000 feet above the Schooley level at Pisgah. In addition 
to this differential in altitude, which may be conservatively placed at 2,000 
feet, it is certain that the monadnoeks were even higher above sea level. In 
places the slope of the Schooley peneplain appears to have been as much 
as 70 feet in a mile. Although its average slope was probably much less, it 
seems probable that the upper edge of the plain must have stood at some¬ 
what more than 1,000 feet above sea level. There may have been some dif¬ 
ferential uplift which has made the Blue Ridge and other monadnoeks 
higher now than they were in Schooley time. It does not seem unreasonable, 
however, to conclude that various monadnoeks such as the Cumberland 
Mountains, the Great Smoky Mountains, and the Blue Ridge must have 
stood from 1,000 to 3,000, or even 4,000 feet above sea level. Two further 
questions need to be considered. Are these probable elevations sufficient to 
have permitted a temperate montane flora when the lowlands were occupied 
by warm temperate and subtropical floras? Were these elevations in existence 
during early Tertiary time ? 

Wright (1932) suggests that the Schooley is possibly Cretaceous. Cole 
(1941), who has studied the various erosion surfaces and made correlations 
of them, accepts the conclusion of Stose (1940) that the development of the 
Schooley surface can probably be assigned to the Jurassic, although the 
maximum dissection of this surface may ndt have occurred until mid- 
Tertiarv. It is possible to conclude, then, that the Schooley was undergoing 
elevation during the Cretaceous and early Tertiary, and that the conclusion 
with respect to the presence of uplands in the southeastern states is fairly 
sound. 

As to the other question, and judging from the altitudinal relations of 
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modern vegetations 1 belts, it seems likely tlmt the maximum elevations of 
3,000 to 4,000 feet above sea level which the more important monadnocks 
probably had were sufficient to permit the existence of temperate vegetation 
in a latitude where subtropical floras occurred at sea level. This, as has 
already been admitted, does not constitute more than circumstantial evi¬ 
dence for the existence of a typical temperate flora in the uplands at Wilcox 
latitudes, but in view of the fact that the Wilcox does contain some tem¬ 
perate genera, it seems reasonable that the uplands must have contained 
many of them. 

The method of obtaining the data presented below will be described 
briefly. A list of the arborescent species of the Great Smoky Mountains 
National Park was obtained from the Park catalogue (Jennison 1938). All 
other records of the flora are incomplete, because they represent only those 
plants encountered on sample plots from the cove hardwood forest complex. 
The list of trees and tabular data were obtained from plots that averaged 
about 4,000 sq. in. in area from each of 31 stations in the virgin forest of the 
Greenbrier region, Data concerning shrubs, woody vines, and herbs were 
obtained from If) stations. During the spring-flowering season, 10 stations 
were studied by a series of 10 quadrats of 1 sq. m. each at each station. 
During the summer season, 9 stat ions were studied by a series of 10 quadrats 
of (i sq. m. each at each station. Although these data do not include all the 
species of the cove hardwood forest complex, they do represent its char- 
aid eristic composition in primeval condition. 

Fossil records of the genera of the plants that compose the present forest 
an ere obtained from various publications concerning the southeastern states. 
This area is interpreted as extending from the deposits of the eastern shore 
of the Mississippi Emba.unent to Florida and northward to Kentucky, New 
Jersey, and Maryland. The formations consulted are shown in table 1. Only 
those records which seem certainly to represent modern genera are included. 
For example, (rhditsiopln/ll um is not accepted as indicating the presence of 
died its hi. - The publications used were principally those of Berry and Kuowl- 
ton, and are cited at the bottom of table 7. In the study of modern generic 
areas Dalla Torre and Harms (1900-1907) provided the standard source 
of information. This was supplemented by reference to Bailey (1933), Small 
(1933), and other more recent sources. 

If a genus is listed as being present in Asia and America, and absent 
from Europe, it frequently is confined to eastern Asia and eastern North 
America. Some species may occur also in the Himalayas or western North 
America, or in the south temperate zone. These additional areas do not affect 
the point made, that the genus has major disjunctions that are substantial 

2 Berry (1030) transferred Cyssui mtssissippinishs to (llrtlttxia ? Miisstfisippinists as 
a tentative disposal of certain Wilcox fossils. 
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proof of the ancient origin of the generic stock. Hystrix, for example, con¬ 
sists of four species in North America, Siberia, and New Zealand. Vagncra 
is in Asia and both western and eastern North America. Arisaema is in Asia, 
Abyssinia, and North America. Podophyllum is in America and the Hima¬ 
layas. Meibomia is in America, Asia, and Australia. Sometimes the present 
disjunctions are partially bridged by fossil records. Section Saccharina, of 
Acer, according to Pax (1926), was represented in Europe and Pacific North 
America during the Tertiary. Today the section (or the genus Saccharo - 
dendron) consists of A. saccharum, A. floridanum, A. nigrum, and A. leuco- 


TABLE 1. Formations of the southeastern states cheeked for fossil representatives 
of the modern genera of the cove hardwood forests of the Great Smoky Mountains National 
Park. From Knowlton (1919). 


Ago 

Middle Atlantic 

South Atlantic 

Gulf 

Pleistocene 

Talbot 

Sunderland 

Chowan 

Sunderland 


Pliocene 



Citronelle 

Miocene 

Calvert 



Eocene 


Barnwell 

Claiborne 

Wilcox Lagrange 
Midway 

Cretaceous, 

Tipper 

Monmouth 

Mata wan 
Magothy 

Raritan 

Black Creek 
Middendorf 

Ripley 

E ut an 

Tuscaloosa 

Woodbine 

Cretaceous, 

Lower 

Patapsco 

Arundel 

Patuxent 

Patuxent 

Trinity 


derme in eastern North America, A. grandidentata in the Rocky Mountains, 
and A. diabolicum in Japan. A considerable number of the genera not only 
had an extensive range in the Cretaceous or early Tertiary, but probably 
also consisted of many more species than today. Not only are several genera 
represented today by a small number of closely related species in eastern 
America and eastern Asia, but these relic genera are frequently quite with¬ 
out close relatives. Caulophyllum has one species in each region. This is like¬ 
wise true of Tovara, Diphyllcia , Sassafras, and Liriodendron. When certain 
other genera are listed as being cireumboreal, in Europe, Asia, and North 
America, it does not necessarily mean that the genus lacks tropical or south 
temperate species. (Jarpin us, for example, is also in the temperate of Mexico. 
Wallia (Juglans ) is also in the West Indies and the Andes of South Amer¬ 
ica. Alnus is also in the Andes; and Morns and Vlmus extend into tropical 
mountains. Aster is in South Africa, as is Oxalis. Many genera are practi¬ 
cally all over the world, as well as being cireumboreal. Here may be men¬ 
tioned such genera as Ranunculus, Poa, Carex, Seneeio, Alsine ( Stellaria ), 
Galium , Allium, Cuscuta, Geum, Pcramium {Kpipactis) , etc. 
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SOME CHARACTERISTICS OF THE COVE HARDWOOD FORESTS 

The author has been studying the composition and structure of the virgin 
cove harchvood forests for the past several years and considerable unpub¬ 
lished data have accumulated. Quantitative studies have been made at over 
50 stations, but the data employed in the present connection represent the 
summary of only 31 stations from the Greenbrier region. Single plots, aver¬ 
aging about 4,000 sq. m. in area, have been used for the arborescent layer. 
Occasionally the plots have been as small as 3,000 sq. m., or as large as 5,400 
sq. m. The size of the plot at any station has been regulated by several fac¬ 
tors: the size and density of the dominant species; the number of species 
in the community; and the homogeneity of the stand, with respect to fre¬ 
quency of the species and their basal area. It is thought that the data ob¬ 
tained from the various plots are more directly comparable, because of the 
adjustment of plot size to stand character, than if a constant-size plot had 
been used. Each plot was approximately of minimal area size. 

The various subtypes of the cove hardwoods have been arranged in two 
alliances, the Aesculion and the Tsugion. The following tabulation shows the 
subtypes in each alliance: 

Gove land wood forest complex (Oivcnbrii r region, Great Smoky Mountains) 

Aesculion 

Aeseulo-Tihetinn (buckeye basswood segregate) 

Saccharodendro Halesietum (sugar maple-silverbell segregate) 

Betuletum (yellow birch segiegate) 

Fagctum (beech segregate, mostly a high altitude gap t\p<*) 

Tsugion 

Tsugo Fagetum (hemlock beech segregate) 

Tsugo Liriodendretum (hemlock tulip tree segregate) 

Tsugetum (hemlock segregate) 

These forest types can be considered association segregates, in the sense 
of Braun (1935), or lociations, in the sense of Clements (1936) and Cain 
(1939). Collectively, the cove hardwood forests represent a southern Appa¬ 
lachian faciation of the maple-beech-liemlock-birch association of the eastern 
deciduous forest formation. The southern faciation is distinguished from the 
northern forest by the presence of such trees as Acsculus octandra , Halcsia 
monticolu , and AWay noha Fnmn , and the abundance of Linodvndron 
tnlipifera. Most of the stations studied by quantitative means were selected 
because of their representation of the subtypes. A larger total acreage is 
covered by mixed, mesophytic forests that cannot be easily assigned to a 
subtype. This is the undifferentiated deciduous forest climax of Braun 
(1935), and others. 

The concept is widely prevalent that the so-called Arctotertiarv forest 
was essentially an undifferentiated mixture of a large number of temperate 
forest species. With relative ‘homogeneity, it presumably occupied an ex- 
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tensive circumboreal territory, and, during the Tertiary, with climatic* de¬ 
terioration in many places, specific and generic ranges were contracted and 
disjoined. This process was brought virtually to a modern condition by the 
Pleistocene ice sheets. It is certainly true, as shown by fossil records as well 
as modern areas, that many species and genera once occupied more extensive 
areas; and many regions once had a richer temperate forest flora. For ex¬ 
ample, many eastern forest genera were once a part of the western American 
forests, and are now completely unrepresented there. It does not seem cor¬ 
rect, however, to emphasize too strongly the undifferentiated character of 
the Tertiary forests. Inasmuch as there were oceanic and continental areas, 
low and high elevations, and strong topographic contrasts during the Ter¬ 
tiary, there must also have been local or microclimates. The Tertiary forest 
must also have had faeiations and lociations, as well as larger associations. 
It is not intended to deny that the undifferentiated forest probably occupied 
a larger area during the Tertiary than it does today, but to emphasize that 
association segregates were undoubtedly a feature of the Arctotertiary for¬ 
est then, even as now. To reason otherwise would be to assume that many 
species have changed their ecological tolerances, with the passage of time, 
always in the direction of narrower amplitude. 

In table 2 are presented the statistical data concerning the arborescent 
layer. Density and coverage data are not shown for the purposes of this 
paper. By present (columns 1 and 3) is meant that the species was found 
growing within the number of plots indicated. A species was not considered 
to be dominant unless it composed about 50 per cent or more of the total 
basal area of the trees on the plot. Codominants are those species of more 
than about 15 per cent basal area. In most of the stations there were only 
about from two to four dominants and codominants making up 80 per cent 
or more of the stand. Constancy per cent is an indication of the occurrence 
of the species at the stations on a basis of the minimal area plots. From the 
table it is seen that 12 species are dominant or codominant at various stations 
in the cove hardwood forest. The two alliances are not distinguished by the 
presence or absence, but by relative importance of species. The most frequent 
dominants of the Aesculion are Aesculus octandra dominant at 10 stations, 
Tilia neglect a at 9 stations, and Saccharodcndron barbatum at 8 stations. 
The most frequent dominants of the Tsugion are Tanga canadensis at 12 sta¬ 
tions and Liriodendron tulipifera at .9 stations. Twenty additional species 
are associates of the dominants, and do not attain sufficient coverage at any 
station to be classified as even a codominant. Tsuga canadensis , Betula alle- 
ghenienm , Aesculus octandra , Halesia monticola , Tilia neglecia, Saccharo¬ 
dendron barbatum , and Fagus grandifolia have a constancy of class V, being- 
present in the sample plots of more than 80 per cent of all the stands. 

Shrubs and woody vines were sampled in the same plots employed for 
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TABLE 2. Trees of the core hardwood foresls of the Great Smoky Mountains found 
on sample plot studies of the Aeseuhon and Tsugwn. 

All genera were in the Southeastern States in Pre-Pleistocene except those marked by 
an asterisk: 



Aeseulion (38) 

Tsugion (13) 

Cove 

Hard¬ 

woods 

Stations 

Present 

Stations 
dommn nt 
or co¬ 
dominant 

Stations 

Present 

Stations 
dominant 
or co¬ 
dominant 

ConstancN 

Vr 

Tsuga canadensis 

1 () 

4 

13 

12 

93.5 

Betula alleghcniensis 

lb 

3 

30 

0 

87.1 

Aesculus octandra 

lb 

30 

31 

0 

87.1 

llalesia monticola 

14 

3 

13 

3 

87.1 

'I’ll la neglect a 

lb 

9 

10 

1 

83.9 

Saecharodendron bnrbatum 

lo 

S 

10 

0 

80 .b 

Fagus grandifolia 

14 

•> 

11 

4 

80.b 

Frnximus ainericana 

10 

1 

9 

0 

bl.3 

Liriodendron tulipifera 

5 

1 

9 

9 

45.2 

Padus virginiana 

7 

1 

»> 

0 

29.0 

Castanea dentatn 

3 

1 

3 

1 

39.3 

Picon- ruhens 

1 

0 

1 

1 

b.4 

Magnolia Fra sen 

3 


12 


48.4 

Kufacer rubrtnn 

3 


10 


41.9 

Acer pennsNlvanicum 

b 




38.7 

*Tulipastrum acuminatum 

b 


* 


30 *> 

Jlicoria cordiformis 

b 


O 


2 .L 8 

Amelanchier laevis 

3 


5 


I 25.8 

Acer spientum 

b 


»> 


| 25.8 

Ilex opaca 

0 

1 1 


b 


19.3 

(Jucrcus maxima 

■ 4 

1 1 

i 


1 lb .1 

S\idn nlternifolia 

1 

! i 

o 


1 lb .1 

lietula hmta 

0 


1 5 


lb.l 

Hamamelis \ irgimana 

1 


o 


9.7 

W;iIlia cinerea 

>) 


0 


! b.4 

Ilex monticola 

0 


2 


j b.4 

Aralia spinosa 

0 


o 


b.4 

Cvnoxvlon Horidum 

1 1 

i 

0 


3.2 

Cladrnstis lutea 

1 0 


1 


3.2 

*()xydendrum arboroum 

! 0 


1 


3.2 

Quercus montana 

0 


1 


3.2 

*Robinia pseudoacacia 

1 ,. n 


1 


3.2 

Total number of species 






sampled 

24 


j 30 


32 

Total number of genera 






sampled 

21 


2 b 


28 

Total Tertiary genera sum 






pled 

39 


o.) 


24 

1 * 01 * cent genera sampled that 





( 

are as old as the Tertiary 

90.5 

i 

84.b 

1 

j 85.7 


the herbaceous layer. Ten stations were studied during: the spring* flowering 
season, and nine additional stations were examined during the summer. 
These stations were taken mostly from the Aeseulion. Table 3 shows that 







222 


BULLETIN OF THE TORREY CLUB 


[Vol. 70 


TABLE 3. Shrubs and woody vines of the Great Smoky Mountains found on sample 
plot studies of the cove hardwoods. 

Those indicated by an asterisk are not known from the Southeastern States as Pre- 
Pleistocene fossils, but undoubtedly were there during the Tertiary, as shown by modern 
areas. 



Vernal aspect 
(10 stations ' 

Aestival aspect 
(9 stations) 

Constancy 

% 

Frequency 

% 

Constancy 

% 

Frequency 

% 

*Rubus canadensis 

50 

12 

89 

18 

Euonynius obovatus 

40 

21 

i 44 

23 

*Partlienocissus quinquefolia 

10 

1 

55 

37 

Viburnum lantanoides 

10 

1 

33 

9 

Aristoloehia macrophylla 

30 

! 5 

11 

o 

Srnilax hispida 



33 

3 

Euonymus americanus 

10 

6 

oo 

12 

Hydrangea arboreseens 

10 

1 

22 

i r> 

Pyrularia pubera 

10 

1 

n 

| l 

* 8 ambucus pubens 

20 

o 



Vitis aestivale 



ii 

l 

Rub us nigrobaccus 



11 ! 

l 

Grossularia Cynosbati 

10 

1 




altogether, nine shrubs and four woody vines were found on the plots. These 
plants are never of very great importance (with respect to frequency, con¬ 
stancy, coverage, or density) in the cove hardwood forest type complex, 
except locally. 

Jn studying the herbaceous layer, the Pteridophytes were sampled at the 
same time as the flowering herbs, but it was useful to separate them in pre¬ 
senting the results. Table 4 gives the data for the Pteridophytes. Only 
Dryopteris intermedia , Athyrium thclypteroides , and Polystichnm aeros - 
tichaides were of sufficient constancy or frequency to be of much significance. 

Table 5 lists all the flowering herbs encountered in the quadrat studies. 
They are grouped according to the constancy class to which they attain in 
either the vernal or the aestival aspect. For example, Alsine tenncsseensis 
(conspicuously the most ubiquitous herbaceous species of the cove hardwood 
forest complex), Tiarella cordifolia , Aster acuminatus , and Anemone quin - 
quefolia have a class V constancy in both aspects. Erythronium americanum , 
Dcntaria diphylla , and Viola sororia reach class V in the spring flora, but 
not in the summer samples. The remaining species had a class V constancy 
only in the summer plots: Urtieastrum divaricatum, Viola bland a. Sol id a go 
Curtisii, Eupatorinm urticaefolium, and Nabalus. Such contrasts as are 
apparent between the vernal and the aestival samples are not ail due to 
aspect, but are largely attributable to the heterogeneity of the herbaceous 
layer from station to station. Certain species of the spring flora, however, are 
usually absent from the summer stage, having completed their life-cycles 
by the time the full canopy of the forest has developed. Tn this group can 
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be mentioned Erythronium americanum , Bicnculla canadensis, Bicuculla 
cncullaria , Claytonia virginica , Phacelia jimbriata, and Panax Irifolium. 
Species that are inconspicuous or have scarcely started their development 
in the spring, and which are of importance in the summer flora because of 
their high coverage, include such plants as Eupatorium urticaefolinm , Aster 
acmninatus , TJrlicasirum divaricatum , Sol id a go Curtisii , Monarda didyma, 
ImpaUens pallida , etc. 

TABLE 4. Ptcndophyln s* o/ the Great Smoky Mountains found on sample plot 
studies of the mve hardwoods. 

(lenera marked by an asterisk are not known from the Southeastern States as Pre- 
Pleistoeene fossils, but from their modern areas they were undoubtedly in the region dur¬ 
ing the Tertiary: 



Vernal aspect 

Aestival aspect 


(10 stations) 

(9 stations) 


Constancy 

Frequency 

Constancy 

Frequency 


% 

7o 

% 

% 

Dry opteiis intermedia 

90 

30 

89 

77 

Ath\ riuni thehpteroides 

00 

20 

100 

45 

Polystichmn acrostichoides 

50 

10 

78 

15 

Botneliium \irgininnuni 

40 

5 

44 

10 

Lycopodium lueidulum 

40 

9 

33 

13 

1 Iryopteris noveboi accuse 

10 

0 

55 

32 

h Bot ryebium dissect mu 

10 

1 

33 

5 

‘Cystopteris fragilis 

20 

ii 

°2 

4 

Atlivmini asplenioides 


i 

22 

5 

‘Hotryebium obliquuni 

| 20 

*» 



Piyoptei is hexagouoptera 

10 

5 

11 

10 

Athymini pycnocarpon 



11 

3 

Osmumla cimiamomca 



11 

o 

IIryopteris marginalis 

! 


11 

o 

Pryopteris (iilatata 

i ! 

i 

11 

1 


The plants of the preceding tables are the ones that are considered later 
in the development of the thesis that the cove hardwood forest is an ancient 
forest of essentially" Tertiary character. Bryophytic communities of the soil, 
tree trunks, etc., are not considered at this time. Any one wishing a more 
complete picture of the cove hardwood forests will find a discussion of the 
bryophytic communities by Cain and Sharp (1938). 

THE TERTIARY CHARACTER OF THE COVE HARDWOOD FOREST 

The method of ascertaining the ancient origin of most of the genera of 
the cove hardwood forest has already been discussed in the introduction. 
At this point, however, it is necessary to explain why generic units are used 
rather than species. In a study" of Pleistocene plants of the Wicomico, 
Chowan, and Pamlico stages from North Carolina, Berry (1925b) found 
that none was foreign to the region as a whole, although several no longer 
exist at the localities where the fossils were found. Furthermore, only about 
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TABLE 5. Species of the herbaceous stratum of the cove hardwood forest type com¬ 
plex of the. Great Smoky Mountains National Parle as observed from sample plot studies 
at 19 stations in the virgin forest. 

The vernal and aeatival studies were made at different stations, so the differences are 
not wholly ones of aspect. Ten 1 sq. m. quadrats were used at each of the vernal stations; 
10 6 sq.m, quadrats were used at each of the aeatival stations. The species indicated by an 
asterisk are members of genera for which no evidence of their Tertiary nature is at hand. 
Nomenclature follows Small (1933). 

Species are arranged according 
to the constancy classes to 
which they attain 

Vernal flora 

Constancy Frequency 
% ‘ % 

Aeatival flora 

Constancy Frequency 

% % 

Class V (SI-100%) 


| 



Alsine tennesseensis 

100 

99 

100 

100 

Arythronium americanum 

100 

75 



Tinrella cordifolia 

100 

73 

89 

1 81 

Aster acuminatus 

100 

61 

100 

! 81 

Dentaria diphvlla 

90 

55 

33 

! 5 

Anemone quinquefolia 

90 

54 

100 

38 

Viola sororia i 

90 

30 

78 

53 

Urtieastrum divaricatum ! 

70 

34 

100 

78 

Viola blanda 

80 

59 

100 

72 

Solidago Curtisii 

70 

39 1 

100 

02 

Eupatorium urticaefolium 

30 

til 

89 

(55 

Nabalus sp. 

(50 

10 

89 

33 

Clasx IV (til-80%) 




- 

Bicuculla canadensis 

80 

41 



Viola hastata 

80 

35 

11 

8 

Panax trifolium 

80 

35 



Mitchella repens 

80 

24 

07 

37 

Caulophyllum thalictroides 

80 

10 

78 

25 

Clnytonia virginica 

70 

01 



Trillium erectum var. album 

70 

27 j 

55 

■ 12 

CHmic ifuga americana 

(50 

49 ; 

55 

17 

Oxalis montana 

50 

22 

(57 

i 25 

Ita n u ncu 1 us rec u rva tus 

40 

20 

07 

1 oo 

*Monarda didyma 

30 

12 

07 

12 

Polygonatum biflorum 

40 

1 

07 

10 

Class ITT {41-60%) 




1 

Impatiens pallida 

(50 

20 

55 

32 

Poa cuspidata 

00 

21 

33 

14 

Osmorrhiza Claytoni 

00 

10 

55 

i o*> 

Viola canadensis 

50 

13 

11 

4 

Viola rostrata 

50 

12 

11 

1 

Galium trillorum 



55 

29 

Disporum lanuginosum 

30 

9 

55 

23 

Carex flexuosa 



55 

' 13 

Cnrex plantaginea 

30 

5 

55 

11 

*liudbeekia laciniata 

30 

12 

44 

20 

llepatica acuta 

30 

0 

44 

17 

To vara Virginian a 



44 

12 

* By d rophyl 1 um can a dense 

30 

3 

44 

i 9 

*Medeoia virginiana 

10 

O j 

44 

5 

Class II (21-40%) 





* Phlox stolon if era ; 

40 

15 

33 

1 29 

*Validallium tricoccum 

40 

11 

33 

To 

Vcratruin viride 

30 

18 



Arisaema quinatum 

30 

14 

33 

9 

Carex austro-caroliniana 

30 

11 

22 

3 

Podophyllum peltatum 

30 

10 

i 
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TAJ1LE 5. ( Continual) 




Vernal flora 

A estival flora 

Species me arranged affording 





to the constaliev classes to 
nliicli tliev attain 

Constanev 

Frequency 

Constanev 

Frequency 


% 

% 

% 

% 

Galium circaezans 

30 

7 



*Xeniatrum ninhellulatmn 

30 

3 

11 

1 

Cnscnta up. 



33 

4 

Arisaema triphvllum 

10 

1 

33 

4 

Viola rot undifolia 

20 

8 

33 

3 

*Chrospenna nmsfaetoxifum 



0.1 

13 

Sednrn ternatum 

10 

3 

oo 

10 

Crvptotaenia fanadensis 



oo 

9 

*Adicea pumiln 



oo 

8 

*Kvndesmon thalietroides 



oo 

5 

Viola eriorarpa 



oo 

4 

*Campanulnstrum ameiifaumu 



oo 

2 , 

Geiun cnnadense 



oo 

o 

Peramium opliioides 



oo 

o 

Vagneia racemosa 

20 

3 

22 

o 

CLASS 1 





*Phiicelin fimbriata 

20 

14 



Viola pollens 

20 

0 



Viola fUfiillata 

20 

s 



Alitella diphylla 

20 

0 

11 

3 

Gerammn mafulatwm 

20 

<) 

11 

o 

*Zizia Itebbi i 

20 

4 

LI 

9 

Lilium supeilmm 

20 

2 



.1 unfoides bulbosnm 

20 

2 



(’arex prasina 

20 

o 

11 

3 

Ti'illiuin grandiflornm 

in 

10 

11 

o 

Aftea alba 

10 

(> 



Ifamuiculuv fasn*nlaris 

in 

4 



Mifianthes lineranthidifolia 

10 

4 



*Cvmopln Hus Fraseri 

10 

f > 

11 

3 

d mifoides saltuense 

10 

3 



Galium apaiiue 

10 

*J 



Diphvlleia evmosa 

10 

o 



Ranunculus abort i vus 

10 

1 

11 


*CoUinsonia fanadensis 

10 

1 



Cireaea Int i folia 

10 

1 



Mleucuera amei if ana 

10 

1 

: 11 

i 

ISiclietilla fin*ullaria 

10 

1 



Nenecio Rugelii 

10 

1 

' 


Clmtonia borealis 


1 



Giveitu* Apios 



: ii ! 

I « 

*Taenidia integei rima 



11 

i n 

*Plephilia hirsuta 



11 


Solidago axillaris 



11 

r> 

ll\strix Hvstrix 



11 

3 

*IIoustonia purpurea 



11 

3 

Meibomia nuditlora 



LI 

o 

Alonotropn uniflora 



11 

' 1 

.1 miens tenuis 



11 

I 1 

Thai if t ruin dioieum 



11 

1 

Carex pennsylvauica 



11 

1 

Pan if mn sp. 



1 11 

1 

Carex stellata 



11 

1 

Aselepias exaltata 

i 


11 

1 

Lysimaehia quadrifolia 

i 

1 


11 

1 
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four per cent of the species are now extinct (a Quercus and a Dendrium). 
The remainder of the flora seems unchanged and includes such dry habitat 
plants as Hicoria glabra , QKerens primus , Q. velutina, Celtis occidentalism 
and Vaccininm (Batodcndron) arboreum. Most of the plants are character¬ 
istic of moist to wet habitats and include Taxodium distich am, Hicoria 
aqaatica , Quercus palnstris , Q. Mtchauxii , Planera aquatica , and Nyssa 
biflora. The general practice of paleobotanists seems to be to consider Pleisto¬ 
cene fossils as conspccific with existing* forms unless the weight of evidence 
is to the contrary. With older fossils, however, the opposite practice is the 
rule. One method that is very helpful in understanding the characteristics 
of a fossil flora is to indicate the nearest living relatives of the extinct forms. 
This can be illustrated by the following Miocene list from Berry (1916b), 
table 6. As far back as the Eocene, there was considerable resemblance 

TABLE f>. A comparison of species from Die middle Miocene Calvert flora of Virginia 
and their closest living relatives. (From Berrp 1016b). 


From the Calvert flora 


Salvinm fonnosa 
Finns sp. 

Taxodium dubium 
Quorcus ealvertonensis 
Carpinns grandis 
Ulmus basicordata 
Flatanus aceroides 
Cassia t ora for mis 


Closest living relnti\e 


Sa Ivin in nutans 
Finns taoda 
Taxodium distichnm 
(juercMiH alba 
Carpinus earoliniana 
dm ns alata 
Flatanus occidental is 
Cassia Torn 


between fossil species and modern ones. In the Wilcox flora (Berry 1930) 
Ccrcis wilcoxiana is very close to C. canadensis , and Diospyros wdcoxiana 
resembles D. Virginiana. In the upper Eocene of the Claiborne and flack- 
son floras there are also examples of striking similarity between fossil and 
modern species (Berry 1924). Such pairs include Hicoria jack so man a and 
H. pecan , Castanea claiborncnsis and C. dentata , and Tilia jacksoniana and 
T. americana. It is doubtful whether any species exist now that are very close 
to the Cretaceous floras. Certainly conspecific identity of types should be 
accepted only with great hesitancy, although many generic sections were 
established in the Cretaceous. It is apparent, then, that one could not get 
very far in proving the Tertiary nature of the modern flora of the Smokies 
by dealing with species. 

On a basis of modern areas it would be possible to indicate that many 
of the cove hardwood species are of ancient origin. For example, in Europe 
and in eastern North America respectively there are many pairs of very 
closely related species such as Oxalis Acetosella and 0. montana , Poly - 
podium vulgare and P. Virginianum, Hcpatica triloba and H. americana , 
that have diverged only slightly. Between plants of eastern Asia and eastern 




i»43 j 


CAIN: COVE HARDWOOD FORESTS 


227 


America for which geographic disjunction has been of long standing, there 
are some identities, and a striking series of very closely related pairs of 
species, such as Caulophyllnni robust uni and C. thalictroidrs, Liriodendron 
chinensc L. tulipifcra var. chinensc Hemal.) and L. tulipifera , etc. In 
other cases there is not a single pair of species, but a small group of closely 
related ones: Pyrularia pubvra is represented by two species in the Hima¬ 
layas, and Buckley a distich ophylla (a semi-parasite on Tsuya) by three 
species in China and Japan. On this basis, however, it would not be possible 
to treat all the species of the cove hardwood forests because such close rela¬ 
tives are frequently absent. 

Another difficulty, and a very serious one, with the method of geographic 
distribution applied to species lies in the necessity of critically examining 
published accounts and herbarium specimens from a taxonomic point of 
view. Such a procedure is beyond the scope of this paper. It seems sufficient 
to treat only of genera. 

The study of the cove hardwood forests has been supplemented in one 
respect. Information has been brought together concerning the total arbores¬ 
cent flora of the Park. The genera native within the Park are listed in table 
7, together with their fossil record in the southeastern states. This table also 
indicates those genera that were probably in the same region during the 
Tertiary, as shown by their modern areas explained above. Of the 67 gen¬ 
era, 36 are known from Cretaceous deposits of the southeastern states, 23 
from the Eocene, 14 from the Miocene, and 10 from the Pliocene. From the 
whole Tertiary, there are records of 31 of these genera. Genera known from 
the Cretaceous of the region, but not discovered as yet in the Tertiary, were 
nevertheless probably still in the region during the Tertiary. These include 
St mbits, Picea , Abies, Sabina , Papains, Liriodendron , Mains, Antcla itchier, 
Crataegus, Acer, Bn facer. Sassafras, Benzoin, Cynojcylon, Kalmia, and 
Viburnum. Altogether, the fossil records show that 46 genera of the arbores¬ 
cent flora of the Smokies were in the southeastern states in Pre-Pleistocene 
time. 

Table 8 summarizes the data of table 7, and, according to the generic 
treatment of Small, it is seen that a total of 62 genera (93 per cent) date 
back to the Tertiary in this region. If the more conservative generic* treat¬ 
ment found in Gray’s Manual is used, the total of Tertiary genera is 96 per 
cent. Referring back to table 2, which summarizes the cove hardwood trees, 
we find that 90.5 per cent of the trees of the Aesculion are Tertiary, and that 
84.6 per cent of those of the Tsugion are likewise that old. It is of special 
interest that all the trees that are dominant or codominant belong to genera 
that are of Tertiary character. 

The summary for the flowering herbs (table 9) is especially interesting. 
Those species which have the highest constancy (Class V) are entirely of 
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TABLE 7. Arborescent genera of the Great Smoky Mountains National Park, and 
their known occurrence as fossils in the southeastern United States during Cretaceous and 
Tertiary times . 


Genera 


Pinus | 

Strobus (Pinus) | 

Picea 
Tsuga 
A bies 

Sabina (Juniperus) 

Wallia (Juglans) 

Hicoria (Carvn) 

Populus ; 

Salix 

Oarpinus ! 

Ostrya 

Bet ul a 

A Inns , 

Eagus 

Casta noa 1 

Quercus 

Morns 

Ulmus 

Celt is i 

Asimina ; 

Tulipastrum (Magnolia) ! 

Magnolia I 

Liriodendron j 

Harnamelis 

Liquidambar 

Plat-anus 

Sorbus (Pyrus) 

Mains 

Amelanchier 

Crataegus 1 

Primus j 

Padus (Prunus) I 

(Vrcis | 

Gleditsia 

Cladrastis 

Robinia 

Rhus 

Tlex 

Stapliylea 

Aesculus 

Acer 

Saecharodendron (Acer) 
Rufacer (Acer) 

Negundo (^cer) 

Rhamnus 

Til in I 

Malacliodendron (Stuartia) i 

Sassafras 

Benzoin 

Ny ssa 

Svida (Oornus) 

Oynoxylon (Cornus) | 


Cre¬ 

taceous 

Tertiary 

Pleisto¬ 

cene 

Pre-Pleistocene 

Eo- 

Mio- 

Plio- 

as indicated by 
modern areas 


eerie 

cene 

cene 



X 


X 

X 

X 

X 

X 




X 

x (Uniloy, 1033) 

X 




X 

\ 






X 

X 





X 

X 




X 

X (Small, 1933) 

X 

X 



X 

x (Small, 1933) 


X 


X 

X 

x (Berry, 1023) 

X 




X 

X 

X 

X 

X 


X 

X 



X 


X 

X 





X 

X 

X 



X 

X 

X 





X 

X 

X 



X 

X 

X 


X 


X 

X 

X 

X 

X 

X 

X 

X 

X 





X 

X 



X 


X 

X 

X 

X 



X 

X 


X 



X 


X 

X 



X 

V 

X 




X 

X (Small, 1033) 






! * 


X 



X 

1 X 

X 

X 

X 

X 


X 

1 x 

x (Small, 1033) 
x (Small, 1033) 

X 

j 



X 

X 

X 




X 

X 

X 

X 


X 

X 

X 


1 




x (Small, 1033) 


X 



X 

X 


X 



X 

X 


X 



X 

X 

! 

X 


X 



1 x 

X 

X 

X 

X 

X 

X 






X 






X (Pax, 1928) 

X 




X 

x (Pax, 1020) 





X 

(Pax, 1926) 

X 




X 

x (Pax, 1926) 

X 

X 




x (Pax, 1926) 

X 

X 

X 



X 


X 



X 

X 






X 

X 





x (Small, 1933) 

X 




X 

X 

X 

X 

X 

x 

X 

X 

X 

X 



X 


X 
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TABLE 7 ( Continued ). 


Genera 

Cre¬ 

taceous 

Tertiary 

Pleisto¬ 

cene 

Pre-Pleistocene 
as indicated by 
modern areas 

Eo¬ 

cene 

Mio¬ 

cene 

Plio¬ 

cene 

Aralia 

X 

X 




X 

(Met lira 





X 

X 

Rhododendron 






X 

Kalinin 

X 





X 

Oxvdendrum 







Pi oris (And romed; i) 

X 


X 



x (Small, 1933) 

Batodendron (Vaccinium ) 





X 


Cyanococcus (Vaccinium) 

j 


X 


X 

X 

Diospyros 

! x 

X 

X 



X 

Ilalesia 






X 

Fraxinus 

i X 

X 

X 

X 

X 

X 

Chiouanthus 

1 





\ 

Fatalpa 

1 





X 

Viburnum 

i x 




X 

X 

Total genera 



i 

i 

j 



07 

3« 

23 

, 14 

10 

41 ' 

39 


Tin* lecords incorporated in the above table were obtained from the following' publi¬ 
cations . 

CRKTU’lOl s- Wovrv (1914 1919. 1921. 1923 1923a 19301 Knmvlton (1919). 

Eocfne: Beirv (1924, 1930), Knowlton (1919). 

Miori'Ni : Berry (1923, 1910a, 1910b), Knowlton (1919). 

Pliocene : Berry (1923), Knowlton (1919). 

Pleistocene : Berry (1923, 1923b), Holliek (1900), Knowlton (1919). 

Modern - Aki:\s: From Dnlln Torre and Harms (1900-1907) unless otherwise indicated; 
Bailey (1933), Berry (1923;, Fax (1920, 1928), Small (1933). 

Tertiary character. In the vernal aspect all the species that are over 40 per 
cent constant belong to genera that were present in the region during the 
Tertiary. The most striking feature of the table, however, seems to be the 

T \BLE 8. Geological status of the arbonsn nl f/ntmi of the Great Smoky Mountain 
Rational Pari. 


Known fiom the Cretaceous of the 
Southeastern States 
Known from the Tertiary of the 
Southeastern States 
Known from Pre-Pleistocene of the 
Southeastern States 
Known from the Pleistocene of the 
Southeastern States 
Pre-Pleistocene, as indicated by mod¬ 
ern generic areas 

Total undoubtedly in the Southeastern 
States during Tertiary 


67 genera, according 
to Small (1933) 

59 genera, according 
to Cray (1907) 

No. 

% 

No. 

% 

36 

54 

32 

54 

31 

16 

31 

53 

4(i 

69 

42 

71 

43 

64 

39 

66 

59 

88 

55 

93 

62 

93 

57 

96 




230 


BULLETIN OF THE TORREY CLUB 


[ Vol. 70 


TABLE 9. The Tertiary character of the herbaceous stratum of the cove hardwood 
forest types of the Great Smoky Mountains National Parle. Pteridophytes excluded. 


Constancy classes 
of the species 
(% of stands) 


Y (81-100%) 
IV (61- 80%) 
III (41- 60%) 
IT (21- 40%) 
i ( 1- 20%) 


Vernal aspect 
(10 stations) 

Aestival aspect 
(9 stations) 

Total 

Genera 

sampled 

Per cent 
Tertiary 

Genera 

sampled 

Per cent 
Tertiary 

Genera 

sampled 

Per cent 
Tertiary 

7 

100 

9 

100 

11 

100 

7 

100 

6 

83 

12 

92 

4 

100 

10 

70 

12 

75 

8 

62 

15 

60 

i 19 

63 

21 

76 

20 

70 

1 34 

76 


Total number of genera = 76. 
Total number of species = 98. 


increase of the Tertiary percentage with an increase of constancy through 
classes II, III, IV, and V. This may be a coincidence, or it may indicate that 
the species of the more ancient genera are more thoroughly entrenched in 
these virgin communities than are the species of American endemic genera. 

Finally, table 10 brings together the results for all the groups discussed. 


TABLE 10. Summary: Tertiary genera of the core hardwood forest types of the 
Great Smoky Mountains National Park, based on sample plot studies at SI stations m 
the virgin forest. Data based on Small's {1933) nomenclature. 


Classification 

Ameri¬ 
ca a 

endemic 

genera 

Genera known 
from Pre- 
Pleistoceno in 
Southeastern 
United States 

Presumptive 
Tertiary 
genera from 
modern 
areas only 

Total 

genera 

Per cent 
of 

Tertia ry 
genera 

Trees 

All trees of the park 

5 

i 

59 : 

3 

67 

93 

Cove Hardwood species 






sampled 

3 

20 

5 ! 

28 | 

89 

Shrubs 






and woody vines 

0 

7 

3 

i0 

100 

Herbs 






Ferns 

0 

4 

3 

7 i 

i 100 

Flowers 

19 

5 

54 

76 

! 75 

Totals 





i 

Cove Hardwoods only 

; 23 

j . 33 

65 

121 

! 81 a 


0 Using Gray’s Manual names, the following higher percentages for Tertiary genera 
are obtained; All trees, 96; cove hardwood trees, 91 ; shrubs and woody vines, 100; ferns, 
100 ; flowering herbs, 80; all cove hardwood genera, 86. 

Using Small’s generic designations, 93 per cent of ail the arborescent genera 
of the Park undoubtedly go back to the Tertiary. For the cove hardwoods 
alone, we have the following results; 86 per cent of the tree genera, 100 per 
cent of the shrubs and woody vines, 100 per cent of the ferns, awl* 75 per 
cent of the flowering herbs are Tertiary. Of the 121 genera of all life-forms, 
81 per cent are Tertiary. If Gray’s Manual genera are used instead of 
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Small’s, the Tertiary percentages are consistently higher, as indicated at the 
bottom of table 10. The percentage of endemism is conspicuously higher in 
the flowering herbs than in any other life-form. 

It is not necessary to conclude that all American endemics not known 
from Cretaceous or Tertiary fossils are of recent origin. It is simply that 
there are no good means of ascertaining when these stocks arose. 

The following paragraphs present more details concerning the geo¬ 
graphic distributions of the genera under discussion. The following genera 
of trees have modern areas with a major disjunction, being present in east¬ 
ern North America and Asia, and absent from Europe: Tanga, Hicoria, 
Magnolia, Liriodendron , llamamelis, Liquid amba r, Gleditsia , Cladrastis, 
Saccharodcndron , Sassafras , Benzoin , Nyssa , Araha , Paris , Jl ale si a, Chio - 
nanthns , and Catalpa. To these 17 genera may be added, without taxonomic 
damage, Malachodendron , a finely drawn generic segregate of Stuartia 
(Stewartin) which occurs only in eastern North America and Japan. Also, 
according to Small, Kalmia consists of six North American species, but Dal la 
Torre and Harms recognize the genus also in western India. 

A somewhat longer list of genera is typical of the northern hemisphere, 
principally in temperate regions, and they occur on the continents of Amer¬ 
ica, Europe, and Asia. These genera belong in the same general group of 
ancient types as the above, but have not suffered as great a terrestrial dis¬ 
junction. Included here arc Strobus , Pinas , Picea , Abies, Populus , Salix, 
Carpmns , Oslrya , Bet ala , Alans. Fayas , Castanca , Qnercus, Morns, Fimas, 
Celtis , Plataans , Sorbus , Mains, Amelanchier , Crataegus , Pranas , Padns, 
Cercis , Rhus, lle,r , Staphylea, Acer , Rafacer, Ncgundo , Rhamnus , Tilia, 
Clethra , Rhododendron , Cgonococcus, Diosjiyros , Fraxinas , Catalpa , and 
Viburnum . Again without serious taxonomic damage, to these 39 genera can 
be added Sabina , an American segregate of Juniperus, Wallin , an American 
segregate of Juglans , juid Svida and Cynoxylon, American segregates of 

This leaves Asimina, Tuhpastrum , Robinm , Oxydendrtim , and Balodcn - 
f/roa as American endemics. Of these, Asimina is known from the Eocene 
and Pleistocene of the southeastern United States, Robinia from the Miocene 
elsewhere, and Batodendron from the Pleistocene of the southeastern 
United States. 

A survey of the herbaceous flowering-plant genera shows the following 
to have the typical American-Asian disjunction, being absent from Europe, 
and frequently from western Asia and western America: Tiarclla , Frlieas - 
/ram, Bicuculla , Panax , Mitchclla , Caalophyllum , Clayton ki, Trillium , 
Osmorrhiza , Disporum, Tovara , Arisaema , Podophyllum , Vagnera , Mitella, 
Diphyllcia , Clintonia , Glycine , Hystrix, Meibomia, and Monotropa. 

To these 21 genera can be added 36 more that have a eircumboreal distri- 
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but ion which was undoubtedly attained in Pre-Pleistocene time: Alsinc, 
Erythronium, Aster, Deni aria, Anemone, Viola, Solid ago, Eupatorium, 
Nabalus, Cimicifuga, Oxalis, Ranunculus, Polygonatum, Impatiens, Poa, 
Galium, Carcx, Hcpatica, Veratrum, Cuscuta, Sedum, Cryptotaenia, Geum, 
Peramium, Geranium, Lilkim, Juncoides, Actea, Mieranthes, Circaea, Sene - 
eio, Juncus, Thalictrum, Panicum, Asclepias, and Lysimachia . 

According to the information at hand, the following 19 genera are Amer¬ 
ican endemics, not having either the trans-Atlantic or the trans-Pacifie dis¬ 
junction: Monarda, Rudbecikia, Hydrophyllum, Medeola, Phlox, Validol- 
limn, 1Xeniatrum, Chrospcrma, Adicea, Syndcsmon, Campanulastrum , 
Phacclia , Zizia, Cymophyllus, Collinsonia, IJeuchera, Taenidia, Blephilia, 
and Houstonia . This list is somewhat longer, being based on Small (1933) 
and the recognition of certain segregate genera, than if the genera accepted 
by Dalla Torre and Harms and Gray are used. For example, Validallium is 
a segregate of Allium, Adicea of Pilea, Syndcsmon of Anemone, Campanu¬ 
lastrum of Campanula, and Cymophyllus of Carcx . Furthermore, Phlox is 
strictly American except for one species that extends from Alaska into 
Siberia and may have attained its range relatively recently. 

DISCUSSION 

The so-called Arctotertiary vegetation is known to have extended from 
Greenland over northern Europe to the northern Urals. It extended also 
from the middle zone of Asia to Manchuria, Sachalin and northern Japan. 
In North America it is known to have occurred from Alaska to the Pacific 
Northwest, and in the Atlantic Northeast. The vegetation of this wide region 
consisted of deciduous, summergreeu trees (mesophanerophytes) with an 
admixture of evergreen conifers. It probably required a mean annual tem¬ 
perature of about 10° C. The more important genera of the forest include 
Fagus, Castanea, Vlmus, Alans, Betula, Corylus, Populus, Juglans, Car - 
pinus, Liquidambar, Sequoia, and Ginkgo. Although herbaceous fossils arc* 
almost non-existent, except for a few aquatics, there are excellent reasons 
for believing that the deciduous broad-leaved forests had a well developed 
herbaceous layer very similar to that of today. 

The most illuminating and complete study of this problem is by Lippmaa 
(1938) on the Galeobdolon-Asperula-Asarum-Xlmon of Europe. This her¬ 
baceous union is composed of plants of the hemicryptophytie and crypto- 
phytic life-forms and requires relatively strong shade in summer, light in 
springtime during the flowering period, and a mild humus such as is formed 
under deciduous forest. Lippmaa concluded that it was no chance that the 
area of the Galeobdolon-Vnion and its relative societies corresponds so well 
with the area of the temperate Tertiary forests. The herbaceous vegetation 
undoubtedly has had the same history as the mesophanerophytes, except that 
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in Europe the tree vegetation suffered more than the herbs during the glacial 
period. The area of the Galeobdolon-Vnnm and its counterparts must have 
been as wide in the Tertiary as that of the forest formation with which it is 
associated. 

Lippmaa makes use of detailed analyses of the taxonomic relationships 
of the character and constant species of the Galeohdolon- Union, and of their 
present distributional patterns. He reached the following conclusions: “All 
character-species and constant-species of the Galeobdolon-Asperula-Asurum - 
Union are ancient forest plants which are often of an isolated systematic 
position and whose relatives dwell all over Eastern Asia, North America, 
the Himalayas, and in part in the Caucasus and southern Europe. Several 
of the species are relic plants occurring in smaller regions separated from 
the modern main distribution (Asperula odorata , Aden spicata, Sonicula 
europaea, Stellar iu hoistea, Asa rum europueum, Brooms Beneckenii , Carex 
digitatu) . The species of the union already existed in the Tertiary or they 
were represented by species which today are very closely related. ... In 
Eastern Asia and North America plant unions exist which stand very close 
to the Galeobdolon-Asgrrula-Ansaema-Vnum; floristically, however, the 
species list is wholly different. Only single widely distributed species such 
as Aruneus Silvester occur as floristic ‘binders/ On the other hand there is 
undoubtedly a very far-reaching agreement with regard to the elementary 
life-form which is this union’s own. So, for example, in all the named unions, 
the Anemone life-form plays a very important role ( Mojanthemnm , Ane¬ 
mone, Pons , Deiitarm, Tnentohs , Trillium species).” 

Jt seems reasonable to conclude, from all the evidence that has been 
presented, even without data concerning species, that the virgin hardwood 
forests of the Great Smoky Mountains National Park are the finest example 
of temperate Tertiary forests to be found anywhere in the world, except 
probably in Eastern Asia. This much is certainly true, a botanist familiar 
with the modern flora of the cove hardwood forests of the Smokies would 
find himself “at home ,, among the temperate forests of the Miocene and 
later Tertiary, could lie be transported back in time. The principal differ¬ 
ence would be in the presence in the forest of such temperate trees as Sequoia 
and Ginkgo , now very restricted. 


SUMMARY 

1. An extensive list of species of Angiosperms and Pteridophytcs of the 
virgin cove hardwood forests of the Great Smoky Mountains National Park 
was obtained from sample plot studies at 31 stations. This was supplemented 
by a complete list of the trees of the Park. 

2. Prom publications on paleobotany it was found that 27 per cent of 
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the 121 genera (mostly woody plants) are known as fossils from Cretaceous 
and Tertiary deposits of the southeastern states. 

3. In addition to those genera known to have been in the southeastern 
states during Pre-Pleistocene time, 54 per cent are probably as ancient as 
the middle or late Tertiary as shown by their modern areas. 

4. A break-down of the totals reveals the following percentages of Ter¬ 
tiary genera: 

a. All trees of the Park, 93 per ceiit of 67 genera; 

b. Cove hardwood trees sampled, 86 per cent of 28 genera; 

e. Cove hardwood shrubs sampled, 100 per cent of 10 genera; 

d. Cove hardw r ood ferns sampled, 100 per cent of 7 genera; 

e. Cove hardwood flowering herbs sampled, 75 per cent of 76 genera; 

f. All cove hardwood species sampled, 81 per cent of 121 genera. 

5. Species of most importance in the cove hardwood forests are almost 
exclusively members of genera of ancient origin. The forest dominants are 
exclusively of ancient origin. 

6. Species of American endemic genera are seldom of high constancy, 
frequency, or coverage in the cove hardwood forests. 

7. It is not known whether the Great Smoky Mountains flora is richer 
in ancient plant species than other North Temperate regions, because com¬ 
parable data are not available, but all evidence indicates that the cove hard¬ 
wood forests of the Southern Appalachians, which have their maximum 
development in the Smokies, are very similar to the rich, mesophytie, and 
once circumboreal Arctotertiary forests. 

The University of Tennessee 
Knoxville, Tennessee 
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A POLLEN STUDY OF TWO BOGS ON ORCAS ISLAND, 

OF THE SAN JUAN ISLANDS, WASHINGTON 1 

Henry P. Hansen 

INTRODUCTION 

The San Juan Islands lie between the mainland of the state of 'Washing¬ 
ton and the southern end of Vancouver Island, about 75 miles from the 
Pacific Ocean through the Strait of Juan de Euea. Orcas Island is one of the 
largest and most northern of the group. It is about II miles in extent from 
east to west, and about 9 miles from north to south. The highest point is 
Mt. Constitution with an elevation of about 2400 feet. The San Juan Islands 
were glaciated during the Pleistocene (Bretz 1913), and the higher areas are 
rocky with little soil. Lower areas near sea level are covered with glacial drift 
and glacio-laeustrine and glacio-fluviatile deposits. The climate of the San 
Juan Islands is mild and somewhat drier than that of the Puget Lowland to 
the east and south. The mean annual precipitation at Olga, at the southern 
tip of Oreas Island, is about 29.5 inches, and at the north end of East Sound 
it is slightly over 30 inches. (Climatic Summary, V. S. I). A., 1936.) At San 
Juan, on San Juan Island, a few miles to the west and south, the mean 
annual precipitation is about 22.5 inches, while at Anacortes on the mainland 
to the southeast it is about 27 inches. About 15 per cent of the precipitation 
occurs during the growing season. In some areas the porosity of the soil per¬ 
mits rapid drainage, whereas in others the absence of much soil results in 
rapid run-off. The prevailing winds are from the west. 

LOCATION AND CHARACTERISTIC’S OF THE BOGS 

One of the bogs is loeated near the summit of Mt. Constitution on the 
northeastern part of the island, while the other is situated near sea level at 
the southern end of the island. There are several bogs oil Mt. Constitution, 
one of which has been described by Iligg and Richardson (1934). The one of 
this study is several acres in extent and is covered largely with sedge ( Carer 
spp. and Cypcrus sp.) and Labrador tea {Ledum groenlandicum) . Other of 
the more common plants are hardback {Spiraea douglasii ), salal {Gaultheria 
shall on), cottongrass {Eriophorum chamissonis) , sundew {Drosera roi undi¬ 
folia), and twinflower {IAnnaea borealis americana ). Trees on the bog in 
their apparent order of invasion are lodgepole pine {Pinus contort a), west¬ 
ern hemlock {Tsuga helerophylla ), and Sitka spruce {Picea sitchensis ), the 
first being the most abundant. 

i Published with the approval of the Monographs Publication Committee, Oregon 
State College, as Research Paper No. 72, School of Science, Department of Botany. 
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The lowland bog is situated at tlie west end of Killebrew Lake, about 
three-quarters mile north of Crindstone Hay, and about 10 miles southwest 
of Mt. Constitution. The lake supports various stages of hydrarch plant suc¬ 
cession, including submerged, floating, and cattail-bulrush assoeies. On the 
bog grow purple marshloeks (Pol mi ilia pa/ws/m), buckbean ( Mcnyanthes 
trifoliala), spike-rush (Elvocharix acicularts ), and DuJichium arundin- 
uccutH. Many other species of bog and marsh plants are present, but those 
mentioned seem to be characteristic of the assoeies. 

Peat samples were obtained at quarter-meter intervals with a Hiller peat 
borer. The depth of the Mt. Constitution bog is 9 meters in the area of 
sampling, and the Killebrew Lake bog is 9.5 meters deep. A stratum of vol¬ 
canic ash occurs between 7 and 7.5 meters in the montane bog, and at 7 
meters in the lowland bog. Ash fragments are scattered throughout a half- 
meter thickness of peat, but are most abundant at these levels. The relative 
stratigraphic position of the ash layers is similar to that of most peat profiles 
in northern Washington, suggesting that the source of the ash was the same 
volcanic action. According to geologists, the most probable source is (Jlaeier 
Peak in the Cascades of northern Washington. 

In the Mt. Constitution bog, fibrous peat occurs close to the bottom under¬ 
lain by only a thin stratum of sand and silt resting directly on bedrock. This 
denotes that the proximity of the original pond to the summit of the moun¬ 
tain prevented the erosion of considerable sand and silt into it, which is 
often the case in Pacific Northwest bogs. The presence of pollen in these 
lowest levels, however, indicates that forest invasion of adjacent areas began 
soon after glacial retreat. The Killebrew Lake bog has a much greater thick¬ 
ness of silt and clay underlying the organic peat. In preparation of the peat 
for microscopic analysis, the potassium hydrate method was employed. From 
100 to 200 pollen grains were identified from each horizon. In identification 
of the winged conifer pollen, the size range method was used (llansen 1941a, 
1941b, 1941c). The tables showing the percentages of conifer pollen and the 
number of non-significant pollen grains of herbs, grasses, and deciduous 
trees are omitted because of the unusual scarcity of the latter. Those species 
recorded as 1.5 per cent or less are shown on the diagram as 1 per cent. 

FORESTS OF TIIE SAN .JUAN ISLANDS 

The San Juan Islands lie within the hemlock-cedar climax formation of 
the Coast Forest (Weaver & Clements 1938). Certain factors of the environ¬ 
ment, however, are apparently unfavorable for western hemlock and western 
red cedar ( Thuja plicata) to thrive as the principal dominants. These islands 
are also within the Humid Transition life area (Piper 1906). Forest type 
maps (1936) show that the San Juan Islands are forested largely with sec¬ 
ond-growth Douglas fir and aubalpine and noncommercial types. Mt. Con- 
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stitution is forested chiefly with lodgepole pine ( Pinus contorta ), with some 
Douglas fir ( Pseudotsuga taxifolia) and western hemlock, and scattered 
specimens of western white pine {Pinus monticola) and lowland white fir 
{Airies grandis). The hills adjacent to the Killebrew Lake bog are forested 
with second-growth Douglas fir, and some hemlock, lowland white fir, west¬ 
ern red cedar, Sitka spruce, and western white pine. The most common 
broadleaf species are largeleaf maple {Acer macrophyllum) , red alder 
{Ainus rubra), and cottonwood {Populus trichocarpa) . In dry exposed 
areas on the south slopes, Oregon white oak {Quercus garryana) occurs, 
while the presence of prickly pear {Opuntia fragilis) reflects the dryness 
of the summers. 

Tn the hemlock-cedar formation of the Puget Lowland of western Wash¬ 
ington, Douglas fir persists as subclimax and the chief dominant because of 
recurring fire during the past (Manger 1940). Over much of the area desig¬ 
nated as being forested with this association, however, the environment is 
unfavorable for hemlock and cedar. In some of these areas Douglas fir thrives 
as the chief dominant even though fire does not occur. It is suggested that 
the climate is too dry for hemlock to supplant Douglas fir in the course of 
normal, uninterrupted forest succession (Munger 1940). The east slope of 
the Coast Range and the Willamette Valley of western Oregon are examples 
of such regions. Not only is hemlock practically absent at the present time, 
but pollen profiles from these areas reveal that hemlock has played only a 
minor role during all or most of the post-Pleistoccne (Hansen 1941a, 1942a). 
Insufficient rainfall is perhaps the main factor inhibiting hemlock from 
superseding Douglas fir, even in the absence of fire, but the edaphic and 
topographic conditions may also exercise some control. The annual precipi¬ 
tation in the Willamette Valley is greater than in parts of the Puget Sound 
region, where hemlock does replace Douglas fir in normal forest succession. 
The summer precipitation, however, is slightly less and may be the limiting 
factor in preventing hemlock from invading and assuming predominance. 
A lower humidity and greater amount of evaporation during the growing 
season may also be contributing factors. On Orcas Island, then, it seems 
probable that the annual rainfall, which is slightly Jess than in the Puget 
Sound region, and the dry summers are responsible for the comparative 
absence of hemlock from the forest complex. On the higher parts of the 
island, the rocky terrain is undoubtedly an additional factor instrumental in 
its scarcity. 

POSTGLACIAL FOREST SUCCESSION 

In both areas lodgepole pine was the predominant species when the 
lowest pollen-bearing sediments were deposited. In the montane bog it is 
recorded as 71 per cent (fig. 1), and in the Killebrew Lake bog as 69 per cent 
(fig. 2). The initial postglacial invasion of lodgepole pine in these areas is 
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consistent with that of many other regions of the Pacific Northwest (Hansen 
1938,1939a, 1939b, 1940a, 1940b, 1941a, 1942a). The trend of lodgepole pine 
is very different in the two profiles. In the Mt. Constitution bog, lodgepole 
pine increases from the bottom to 90 per cent at 8 meters, the highest pro¬ 
portion to which it is recorded in any bog thus far studied. It shows a gen¬ 
eral decrease from this maximum to the surface, fluctuating between 85 per 
cent at 7.25 meters and 44 per cent at 1 meter, its lowest proportion of the 
profile. It then increases to 60 per cent at the top. hi the KiHebrew Lake 
profile, lodgepole pine diminishes sharply from the bottom to only 7 per cent 
at 6.5 meters, and from this horizon upward, it fluctuates between 12 and 4 
per cent. It is recorded as 6 per cent at the surface. Western white pine is 
next most abundantly represented, at the bottom and is recorded as 20 and 
15 per cent in the montane and lowland bogs respectively (figs. 1, 2). In the 
Puget Lowland of western Washington, white pine was also one of the pre¬ 
dominant pioneer invaders. It diminishes slightly upward from the bottom, 
but it remains generally constant throughout both profiles, fluctuating 
between 12 and 1 per cent in the montane bog, and 14 and 1 per cent in 
the other. 

Douglas fir also differs in its successional trends as recorded in the two 
profiles. In the Mt. Constitution bog, it is recorded as 3 per cent at the bot¬ 
tom, and fluctuates between this and nothing to 6.5 meters (fig. 1). It is then 
recorded as slowly increasing upward in the profile, reaching its maximum 
proportion of 30 per cent at 1 meter, and then declining to 15 per cent at 
the top. In the IviHebrew bog, Douglas fir is recorded as 7 per cent at the 
lowest level, and then increases sharply to its maximum of 67 per cent at 5 
meters (fig. 2). It shows a slight decline from this horizon to the surface, 
where it is represented b\ 52 per cent of the conifer pollen present. 

In the montane bog, western hemlock exhibits somewhat the same general 
trend as Douglas fir, but it does not reach such high proportions as low in 
the profile (fig. 1). Its maximum is 30 per cent at 2 meters, and it then 
diminishes to 17 per cent at the uppermost level. In the lowland bog, hemlock 
is recorded more abundantly, as is Douglas fir (fig. 2). It increases lower in 
the profile and attains proportions of 20 per cent at 7.5, 6.5, 4.75, and 3.75 
meters, and then declines and remains constant to the top where it is repre¬ 
sented by 14 per cent. This species does not reach higher proportions in the 
Killebrew bog, but it is more consistently represented by greater proportions 
throughout the profile than in the montane bog. 

Other forest trees recorded in appreciable proportions art* Sitka spruce 
and fir. Spruce is represented more abundantly and consistently in the low¬ 
land bog (figs. 1, 2). Here its greatest proportion is 9 per cent at the bottom; 
in the montane bog it attains 7 per cent at 7 meters. This is consistent, 
because spruce thrives better near the ocean than at higher elevations farther 
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inland. Fir pollen is listed under the genus only, since the pollen of all 
species except lowland white fir is only sporadically present. The other spe¬ 
cies whose pollen Mas noted are noble fir (Abies nobilis ), silver fir ( A . 
amabilis) , and alpine fir (.4. Jasiocarpa) . None ol ? these species was noted on 
Orcas Island, although they may have existed there in the past. Possible 
sources of their pollen are the other San Juan Islands, Vancouver Island, or 
the Olympic Peninsula, because of the prevailing M T est.erly winds. Silver and 
alpine fir are common in the Olympic Mountains, but the occurrence of noble 


Depth in meters 



Fig. 1. Pollen profiles. Ml. Constitution Log. 


fir is not certain. Noble fir m^hk reported by Sudworth (1908), but Jones 
(1936) in an extensive study of the flora of the Olympic Peninsula, M r as 
unable to find it. This does not exclude the possibility of its existence in the 
past, and pollen of this species w r as present in the upper levels of the profiles. 
A pollen sfudv of a bog on the west side of the Olympic Peninsula also 
reveals the presence of noble fir pollen, but not in the uppermost level (Han¬ 
sen 1941d). Fir pollen is more consistently abundant in the Killebrew Lake 
bog, which is logical because lowland white fir thrives best in Iom 7 , damp areas. 
The greatest proportion attained by fir pollen is 16 per cent at 7.25 meters 
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and at the surface in the lowland bog (fig. 2), whereas in the montane peat 
deposit it reaches a maximum of 11 per cent at 7 meters and is not present 
at all horizons (fig. 1). Mountain hemlock (Tsuga mertensiana) is sporadi¬ 
cally represented in both profiles. Pollen of this species may have come from 
Vancouver Island or the Olympic Mountains, although it also may have 



existed in the San Juan Islands earlier in post-Pleistoeene time. Proadleaf 
trees represented by their pollen are red alder and largeleaf maple, both of 
which are more abundantly recorded in the Killebrew Lake bog. Sedge pollen 
increases and yellow pondlily pollen diminishes in abundance upward in 
both profiles, marking the progress of hydrarch plant suuccession in the bog. 

IN TER I *KET AT I ON OF THE POLLEN PKOFILKS 
The trend of postglacial forest succession in the lowland area of Orcas 
Island, as portrayed by the pollen profiles of the Killebrew Lake bog, is some¬ 
what similar to that of the Puget Sound region (Hansen 19J8, 1940a, 1941a). 
Pollen analyses of peat deposits there reveal that lodgepole pine was the 
pioneer postglacial invader and was rapidly supplanted by Douglas fir. 
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Western hemlock increased more gradually than Douglas fir, but eventually 
superseded the latter and remained slightly predominant until the advent 
of white man. In areas adjacent to Killebrew Lake, however, hemlock was 
never so abundant as in the Puget Sound region, and Douglas fir has main¬ 
tained a wide degree of predominance since it superseded lodgepole pine. 
This substantiates the theory that the lack of moisture, particularly in dry 
summers, on Orcas Island, has prevented hemlock from reaching proportions 
similar to those in the Puget Sound region. The importance of abundant 
moisture for the development of hemlock is further corroborated by its pre¬ 
dominance in post-Pleistocene forest succession along the Oregon Coast, 
where the annual precipitation varies from 70 to over 100 inches (Hansen 
1941c). 

On the summit of Mt. Constitution the thin soil mantle has probably been 
as important as moisture in controlling forest succession. In fact the rocky 
terrain, causing rapid run-off, tends to accentuate the dearth of available 
water for tree growth. Glacial scour left little soil and only a thin layer of 
residual soil has developed since deglaciation. The much greater intolerance 
of lodgepole pine for shade than Douglas fir and hemlock, has been compen¬ 
sated for by the edaphic conditions unfavorable for the latter two species. 
Lodgepole pine has consequently been able to successfully compete with 
these species. That lodgepole pine is able to thrive under edaphic conditions 
adverse for other species is shown by its pioneer invasion of areas formerly 
covered by Pleistocene glaciers in Washington, .young sand dunes on the 
Oregon Coast, climax bogs, pumice mantles in central Oregon, burns, and 
other edaphically disturbed regions (Hansen 1941c, 1942b, 1942c). 

There is little or no evidence for post-Pleistocene climatic trends in the 
forest succession as portrayed by the pollen profiles. The low proportion of 
hemlock pollen throughout both profiles in itself, however, denote that it has 
been too dry for its development to predominance, such as occurred in the 
Puget Sound region. The rather local representation of the surrounding 
forests in each respective bog, raises the question as to the size of an area 
that is represented by its tree pollen in a bog. The small size of the island, 
restricting the source of the pollen, may tend to accentuate this degree of 
localization. 

SUMMARY 

Pollen ^analyses of two peat deposits on Orcas Island, Washington, reveal 
different trends of post-Pleistocene forest succession in their respective 
adjacent areas. In both bogs, lodgepole pine is recorded as having been the 
predominant, pioneer, postglacial invader. In areas surrounding the mon¬ 
tane bog, lodgepole pine maintained predominance throughout the post¬ 
glacial period to the present. The existing forests are composed chiefly of 
lodgepole pine. In areas adjacent to the other bog, near sea level, lodgepole 
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pine was early replaced by Douglas fir which remained predominant during 
the rest of the post-Pleistocene. The San Juan Islands are located within the 
hemlock-cedar climax, but hemlock neither superseded nor became nearly 
so abundant as Douglas fir during the postglacial. This was probably due to 
the low summer precipitation and the unfavorable edaphic conditions for 
hemlock. There is little evidence for climatic trends, and it is probable that 
the ocean has served to maintain an equable climate during postglacial time. 

Oregon State ( -ollege 
Corvallis, Oregon 
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PHYTOPHTHORA ROT OF BELLADONNA 1 

John T. Middleton 

INTRODUCTION 

With the increasing trend toward the cultivation of pharmaceutical 
crops, a number of interesting plants and their diseases are encountered. 
One of the crops recently brought into cultivation again in southern Cali¬ 
fornia is belladonna, Alropa belladonna L. Of the diseases observed on this 
host, rot, principally of the root and stem, caused by Phytoph thora parasitica 
Dastur, is the most important. 

Plantings of belladonna in southern California are confined to small 
plots, usually from 1 to 10 acres; they are generally coastal and are to be 
found growing on a number of different soil types. On the heavy, poorly 
drained soils, root-rot is an important and often limiting factor in growth; 
on the lighter, adequately drained soils, it is rarely observed and is of little 
concern. 

REVIEW OF LITERATURE 

The first record of a root-rot of Alropa belladonna is apparently from 
England, where Barker (1917-1918) reports a Phytoph thora sp. to be 
responsible. Westerdijk and van Luijk (1920) later describe a root-rot of 
belladonna in the Netherlands and state that P. erythroscpt ica Pethyb. is the 
causal agent. Aleoek (1926) records the occurrence of a stem-rot and wilt 
of belladonna in Scotland and attributes the trouble to P. erythroscpt ica var. 
atropac Aleoek. Tucker (1931) does not consider this varietal segregation 
valid, however, and states that “the reasons for separating the Atropa strain 
are not very convincing, and, pending further evidence, the writer prefers 
to include it in P. erythroscpt ica.” 

Other organisms attack belladonna and cause effects which may be mis¬ 
taken for those of Phytophthora spp. Parisi (1921) reports that Thielavia 
basicola Zopf 2 attacks belladonna in Italy, but adds that infected seedlings 
recover when planted in the open field in well-aerated soil. MacMillan (1941) 
reports damping-off of this host, due to Bhizoctonia sp. and to T. basicola , in 
California, and describes a root-rot attributed to Fusarium sp.; he states 
that the “mycelium of Fusarium is usually found. . . No inoculations 
are recorded. 

A preliminary description of the root-rot caused by Phytophthora is 

1 Paper No. 478, University of California Citrus Experiment Station, Riverside, 
California. 

2 Probably Thielaviopsis basicola (Berk.) Ferraris, according to McCormick (1925, 
p. 551). 
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{riven by the author (1941) in a short article dealing with several diseases 
of belladonna in California. , 

SYMPTOMS OF THE DISEASE 

The disease affects fibrous and fleshy roots, crowns, steins, and, to a lesser 
extent, leaves of the plant. The fungus attacks both fine and larger fibrous 
roots and causes brown, discolored areas which are at first firm but later 
become watersoaked and flaccid and subsequently die (fig. 1). The fleshy 
portion of the root is frequently parasitized; it subsequently turns dark 
brown to black in color and becomes watersoaked and flaccid. Sunken, 
necrotic, longitudinally oriented areas, which progress upward into the 
stem, are often discernible on the outside of the exposed fleshy part of the 
root (fig. 2). 

As root infection progresses upward, other roots and often the crowns 
of the plants are attacked; incipient shoots that are affected turn dark and 
die. Frequently the roots of a plant may be badly damaged while the crown 
remains fairly intact and sends out new shoots; such planls may recover but 
are of little commercial value. Plants with naturally infected crowns invari¬ 
ably die, being unable to produce new roots; the shoots, becoming infected, 
turn brown and rot. Sometimes crowns become infected first, and the infec¬ 
tion progresses downward to the root and upward into the stem. 

Conspicuous, dark, slightly sunken necrotic areas are produced on in¬ 
fected stems. Stems so infected frequently show signs of wilting, the leaves 
turn yellow, and the plant eventually dies. 

Often planls which lack vigor, characterized by yellowed leaves and by 
some signs of wilting, will show no signs of stem infection. But when such 
plants are dug and the soil is carefully washed away from the roots, only a 
few badly infected and discolored roots are found. Sometimes plants are 
observed to have an abnormally large number of sparsely foliated, slender 
shoots; the roots and crowns of such plants have also been found to be badly 
diseased. 

Along the coast, under conditions of high relative humidity and warm 
air temperatures prevalent during the summer months and usually follow¬ 
ing a foggy period, young shoots and leaves of the plants are attacked, the 
affected parts collapsing on becoming watersoaked. Through leaf and stem 
infections the disease may spread throughout the planting. 

THE CAUSAL ORGANISM 

Phytophthora parasitica was readily obtained in pure culture when tis¬ 
sue plantings of bits of diseased material from the margin of necrotic areas, 
or from fairly recently infected roots of belladonna plants, were made on 
cornmeal agar and on plain water agar. The fungus was identified by Dr. 
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Pig. 1. Phytophthora rot of belladonna: A, noninoculated control; B, symptoms pro¬ 
duced on fibrous roots by Pliytophthora parasitica 16 days after inoculation in the green¬ 
house. In addition to the discolored areas on the roots, note the smaller number of roots 
on the infected plant. Fig. 2. Phytophthora rot of belladonna: A, noninoculated control; 
B, symptoms produced on roots and stem by Phytophthora parasitica 27 days after inocu¬ 
lation in the greenhouse. The lesion is dark, slightly sunken, and vertically disposed. Note 
the paucity of roots and the relative size of the shoots in B, as compared with A. 
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C. M. Tucker. Isolations were t.vpieal of the species. Fnsarium spp. were 
sometimes obtained in eon junction with P. parasitica when infected tissue 
was taken From badly diseased portions of the plant and plated on these 
media. 

Sporangia of the fungus are typically a erogenous, are infrequently inter¬ 
calary or borne laterally, and are ovate with a prominent apical papilla; 
they measure 23.(5—4f).H p by 21.1-36.5 p, the mean 37.6 p by 31.0 p. Oogonia 
are aerogenous, intercalary or borne terminally on short lateral branches, 
and from spherical to slightly obovoid, with a smooth wall; in diameter, 
they measure If).2-24.3 p, the mean 22.6 p. Antheridia are amphigynous. 
Oospores are thick-walled and smooth and largely fill the oogonia! cavity; 
they measure 16.3-21.2 p, the mean 20.1 p, in diameter. 

The cardinal temperatures for growth are: minimum, 10° C; o])timum, 
30-32.5°; and maximum, 37.5°. 

These observations on morphology and temperature-growth relations are 
in conformity with those reported by Tucker (1331). 

PATHOGENICITY 

Cuttings originally rooted in a mixture of sterile soil and sand were 
transplanted to 6-inch pots containing sterile potting soil, in the greenhouse. 
Pure cultures of the funpus, prown on a mixture of sterilized whole oats and 
wheat, were added to the soil of one lot of 50 plants; sterile oats and wheat, 
only, were added to another lot of 10 plants. After 14-16 days, a few plants 
in pots infested with the funpus ceased growing and assumed a yellowed 
appearance. Twenty days after inoculation, all the fungus-inoculated plants 
had stopped growth, had become yellow, and showed signs of wilting (tip. 3) ; 
stem lesions became visible 23 days after inoculation. Plants prown in pots 
which received only the sterile-prain mixture remained healthy and con¬ 
tinued to prow. When the affected plants were removed from their pots and 
the soil was carefully washed away from the roots, lesions such as those 
observed on naturally infected plants were found in abundance. Isolations 
made from artificially infected stems and roots proved pathopenic upon 
reinoculation and produced symptoms indistinpuishable from those caused 
by natural infection. 

This same procedure was employed with plant material derived from 
seed sown in sterile soil; the results were similar to those already described. 

Cultures of Fasarimn spp., isolated topether with Phytophthora para¬ 
sitica from diseased material, were prown on the sterile-prain medium. This 
inoculum was added to sterile soil in 6-inch pots containinp belladonna 
plants, according to the procedure outlined above. No visible symptoms of 
disease were observed after one month. Plants receiving this treatment were 
taken from their pots, and the* soil was removed by washing in water; no 



248 


bulletin of the torrky club 


rVDL. 70 


root necrosis was observed. It is concluded that the Fusarium spp. used in 
this test were not pathogenic to belladonna and did not contribute to the 
root-rot problem. 

Belladonna plants have been observed to damp-off. The fungi concerned 
are usually Pytlrium debaryanum Hesse, P. irregulare Buis., and P. ultimum 
Trow, though occasionally Pliytophthora parasitica has been isolated from 



Fig. 3. rhytophthora rot of bclhidomui: A, noil inoculated control; B, symptoms pro¬ 
duced by Phytophihora parasitica 22 days after inoculation in the greenhouse*. 

such material. An experiment was devised to determine the ability of P . 
parasitica to cause damping-off of belladonna seedlings. A mixture of one- 
half sterilized soil and one-half fungus on whole-grain medium was placed 
in 10 sterile 6-inch pots; this mixture was covered by a thin layer of sterile 
soil. Five pots contained a mixture of one-half sterilized soil and one-half 
sterile grain. Fifty belladonna seeds were sown in each of the 15 pots. Four 
weeks later survival counts were made. In the 10 pots receiving the fungus, 
the surviving plants numbered: 5, 8, 0, 0, 2, 9, 6, 0, 1, and 4, respectively; 
in the 5 pots receiving sterile grain (control), the counts were: 37, 41, 26, 
39, and 40, respectively. 
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The pathogenicity of the three Pythimn spp. was likewise determined. 
The results showed greatest reduction in stand in the P. ultimum series and 
less reduction in the cases of P. dcharyanum and P. irreyuhirc. 

Field observations seem to indicate that one of the principal methods 
of spread of the disease* is through stem and leaf infections of adjoining 
plants, under conditions of warm air temperatures and high relative humid¬ 
ity. To test this, 49 potted plants were placed in a square group in a moist 
chamber. Bits of agar containing mycelium and sporangia of Phytophtlwm 
parasitica were placed in the axils of young shoots on 4 plants comprising 
the corners of tin* square border about the center plant. The chamber was 
atomized continuously with sterile distilled water; light was supplied during 
the normal daylight hours. Within ‘1 days infection of the young shoots and 
attached leaves was observed; the disease began to spread on the fourth and 
fifth daws. Within 10 days the central mass of plants and all but 7 of the 
marginal plants were infected, tin* shoots becoming discolored and wilted, 
tin* leaves watersoaked and collapsed. 

A similar experiment was arranged with 12 plants, in 3 rows of 4 pots 
each, the 2 center plants being inoculated as described above. After infec¬ 
tion had occurred and the disease had begun to spread, atomization was 
suspended and all plants wore sprayed with 2-2-50 bordeaux and a wetting 
agent, the plants remaining in the moist chamber. The disease was checked, 
and no further spread occurred over the next 7 days, when the experiment 
was concluded. 

A similar experiment was set up using 14 plants. After the disease began 
to spread, 2 slightly infected plants were removed to another moist chamber 
which was w*et but not atomized. The other 12 plants were treated exactly 
as in the previous test. Whereas the disease was checked by the application 
of bordeaux in the lot of 12 plants, the disease continued to spread in the 
plants which were not .sprayed or atomized. Similar results were obtained 
by using 2-3-50 burgundy and 1.5 100 yellow’ cuprous oxide wdtli wetting 
agent. 

CONTROL 

No experiments were conducted to determine the origin of infection in 
field plantings of belladonna, but infection is apparently accomplished in at 
least tw T o wavs: (1) through natural infection of healthy plants by the 
fungus previously established in the planting area and (2) through the 
introduction of diseased transplants. The last condition may be controlled 
through use of seedlings grown in sterile soil. 

From field observations it is very evident that belladonna sutlers severely 
from root-rot when grown on heavy soils. The disease also becomes very seri¬ 
ous when an overhead irrigation system is employed. Plantings can be sue- 
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misfit]ly grown in light soils which are adequately drained and furrow- 
irrigated rather than sprinkled. The spread of the disease may be substan¬ 
tially reduced through abolishment of the overhead type of irrigation. 

Where the disease is established and fungicidal control is necessary, 
2-2-50 bordeaux, 2-3-50 burgundy, or 1.5-100 cuprous oxide, with a suit¬ 
able wetting agent, may be employed to arrest aerial development of the 
disease. 

Damping-off of belladonna may be satisfactorily controlled by seeding 
in sterile soil, fumigated either with carbon disulfide or with chloropicrin, 
or steam-pasteurized or autoclaved; sterile pots or flats should also be used. 
In watering, care should be exercised to avoid splashing water and soil from 
adjacent unsterilized plant containers. Preliminary investigations in which 
cuprous oxide, ethyl mercury phosphate, and tetrachloro-parabenzoquinone 
were used as seed protectants, were rather unsatisfactory, none of these 
materials effecting adequate control of damping-off. 

SUMMARY 

Phytophthora rot of belladonna ( Afro pa belladonna L.), occurring in 
California and affecting roots, crowns, stems, and leaves, is described. This 
is apparently the first detailed account of a Phytophthora rot of this host 
in the United States. 

The causal organism has been identified as Phytophthora parasitica 
Dastur. The morphology of the fungus is typical of the species. The cardinal 
temperatures for growth are: minimum, 10° C; optimum 30° to 32.5°; and 
maximum, 37.5°. The pathogenicity of the fungus to mature and seedling 
plants has been established. 

Control of the disease may be afforded by planting on light, well-drained 
soils and by the use of the furrow method of irrigation; overhead irrigation 
should be avoided. Control of the spread of the disease may be accomplished 
through abolishment of the overhead system of irrigation and the applica¬ 
tion of bordeaux, burgundy, or cuprous oxide with a suitable wetting agent. 

The ability of Phytophthora parasitica and of Pythinm dvbaryanmn 
Hesse, P. irrcgularc Buis., and P. ultimum Trow to cause damping-off of 
belladonna is likewise described, and the pathogenicity of the fungi is estab¬ 
lished. Damping-off may be controlled by seeding in sterile soil in sterilized 
containers. Three materials used as seed-protectant dusts did not effectively 
control damping-off. 
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THE MORPHOLOGICAL NATURE OF THE PHOTOSYN¬ 
THETIC ORGANS OF ORCHYLLIUM ENDRESII AS 
INDICATED BY THEIR VASCULAR STRUCTURE 1 

W. G. McIntyre and M. A. Chrysler 

In spite of the notoriety attained by the “bladders” of the grenus Vtricu - 
laria, the morphological nature of the various organs remains unsettled. The 
aquatic habit appears to have brought about specialization accompanied by 
reduction. For this reason a mere inspection of the organs and even a com¬ 
parison of organs in the different genera has led to sharp disagreement. This 
is illustrated by the selected references which follow. 

Schimper (1882) reported his studies on Utricvlana coniuta , a North 
American species found along the edges of swamps or on hummocks in moist 
places. He regarded the underground portions of this plant as branches of 
the main stem. Certain minute green blade-like organs arising from slender 
subterranean branches he considered to be of eaulome nature. 

Schenck (1887) appears to have been the first to have access to a species 
in which vascular tissues are fairly well developed. He described and pre¬ 
sented good figures of the structure of the various organs in F. man tana, an 
epiphytic species from the West Indies. He obviously was not impressed by 
the concentric structure of the “Blattstiel” nor its resemblance to the in¬ 
florescence axis, but assumed that the blade-shaped organs are leaves. 

Ridley (1888), while describing a specimen of F. bnjophylta , a small ter¬ 
restrial species from South Africa, held that the leaf-like organs an* of 
eaulome nature because some become narrow toward the tip and continue as 
bladder-bearing branches. 

From a study of the South American genus Genii sea and several small 
terrestrial utricularias, Goebel (1898) concluded that all of the lateral 
organs are modified leaves, that is, all the organs which function as roots 
and stems are derived from leaves which have become first tubular and then 
solid branching structures. 

In the present study an attempt is made to use the criterion of anatomi¬ 
cal structure as exhibited in the Costa Rican species Orchyllinni Emlresii 
(Rchb. f.) Barnhart; suitably preserved material of which was secured by the 
second writer in the summer of 1940. Sections were prepared by paraffin and 
celloidin methods, serial sections being used when desirable. Crystal violet 
followed by erythrosin was found valuable for differentiating the slightly 
lignified vessels. 

1 Publication of Bureau of Biological Research, Rutgers University. 
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In contrast to many members of the family this plant is essentially ter¬ 
restrial, growing in moss on fallen logs in wet forest, also in peaty matter 
bearing liverworts and lichens at the surface of crevices in steep banks. As 
might be expected, the vascular tissues are much better developed than is the 
case in aquatic members of the family. 

The slender inflorescence axis has a height up to 35 cm. and bears from 



Figs. 1-4. Transverse sietions through upper part of rhizome, showing mode of exit 
of vascular supply to the photosvnthetic organ (p), which in all figures lies toward top 
of page. Figure 1 is the lowermost section. All x 25. Fig. 1. At lower right hand, early 
stage in exit of trace to a tuber-hearing branch. At to]) a slight bulge in xylem indicates 
beginning of trace supplying /». Fig. 2. About 100 p above level-of fig. 1, trace supplying 
p is diverging from stele of rhizome. Fig. 3. About 100 p above level of fig. 2, trace sup- 
plaving p is beginning to assume circular outline. Fig. 4. About 100 p above level of fig. 
3, trace supplying p shows circular outline. At lower left, the trace of another p is leaving 
stele. 
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one to five flowers. The large size of the latter (30-40 mm. in width) and 
their orehid-like appearance as well as the almost epiphytic habit of the 
plant suggested the name Orchyllinm to Barnhart (1916) when he segre¬ 
gated the genus from Utricularia . Scattered along the axis are several simple 
lanceolate bracts and at the base of each pedicel are a bract and a pair of 
bracteoles. The axis forms a vertical extension of the short subterranean stem, 
which has the appearance of being much condensed. From this stem arise 
organs of four kinds: (1) the inflorescence axis already mentioned; (2) one 
or two vertically disposed photosynthetic organs—the so-called leaves; (3) 
several delicate horizontal or downwardly directed branches bearing minute 
but perfect “bladders” and functioning as absorbing organs in default of 
true roots; (4) several stouter branches each of which swells into a trans¬ 
lucent tuber 5-8 mm. in diameter and then continues like (3). 

The blade of each “leaf” has a length of 40-60 mm. and width of 10-20 
mm., is from lanceolate to ovate in shape with the tip acute and the base 
tapering into the stalk which may have a length of 30-60 mm. There is a 
pronounced midrib, from which at an acute angle diverge veins which anasto¬ 
mose with one another. The whole organ is inclined to be stiff. 

It will now be in place to examine the internal structure of the chief 
organs. The most conspicuous feature of the rhizome is the wide and thick- 
walled middle layer of the cortex (figs. 1-4), bounded inwardly and out¬ 
wardly by narrow layers of thin-walled cells. The epidermis is studded with 
sac-shaped absorbing hairs. An endodennis is hard to demonstrate, but cells 
showing a Caspary’s band when treated with safranin and fast green form 
a much interrupted ring bounding the central cylinder. In the stele it will 
be noticed that the vessels are distributed through an annular zone among 
thin-walled cells. All of them are narrow (15-30 jj) with spiral or reticulate 
thickening. Groups of delicate phloem cells (unstained in figures 1-4 but 
clearly shown in figure 6 representing the inflorescence axis) are scattered 
through the stele without reference to the xylem. Toward the base of the 
rhizome the vessels are more or less grouped into bundles with which phloem 
groups are occasionally associated. The endodermis moreover is readily iden¬ 
tified in this region. These observations appear to indicate that the more 
scattered condition of the vessels and discontinuous nature of the endodermis 
are due to dilation of the stele. 

Explanation of figures 5-10 

Fig. 5. 4 Transverse section through inflorescence axis. x45. Fig. 6. Part of same 
section, x 175. Six vessels and several phloem groups are shown. Fig. 7. Trans sec. 
through midrib of photosynthetic organ, x 100. Fig, 8 . Part of same section, x 235. 
Eight vessels, also large and small phloem groups, are shown. Fin. 9. Blade of photo- 
synthetic organ, showing at left a branch of the stele, at lower right a stoma, x 105. 
Fig. 10. Inflorescence axis at level of exit of the three traces which supply one of the 
bracts, x 55. 
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As the rhizome passes into the inflorescence axis (fig. 5) the cortex loses 
its thick-walled character and consists of four or five layers of parenchyma 
cells liberally provided with intercellular spaces which are associated with 
stomata. The stele takes on a new feature, namely, a thick-walled zone about 
five cells in thickness and lying immediately beneath a clearly marked endo- 
dermis. This mechanical layer shades off into the pith. The xvleni (fig. 6) 
continues the annular arrangement characteristic of the rhizome, blit the 
vessels are much less numerous, while a few are to be found in the middle 
region of the stele; all are thin-walled and poorly lignified but show clearly 
when stained with crystal violet. The phloem groups are very numerous, 
some small ones occurring in the mechanical layer and extending quite to 
its outer edge while several large groups may be present in the middle region 
of the stele. Thus the vascular tissues of rhizome and inflorescence axis cor¬ 
respond while differing in detail. That the unusual arrangement of the vas¬ 
cular elements is characteristic of Vtricuhiria see. Orchidoidrs (~ OrchifUium 
lJarnh.) is indicated by Sch click’s (1887) figure 5 of the inflorescence axis 
in V. montana. The situation of the vessels among thin-walled cells is a sign 
of reduction from a more or less continuous xvleni cylinder, which reduction 
is carried so far in the aquatic species that xylem is scarcely discernible. The 
position of the phloem groups may be interpreted as an extension of the 
tendency to produce additional phloem groups seen in various members of 
Solanaceae, Convolvulaeeae, and several other sympetalous families. 

When we turn to the photosynthetic organs, figure 7 shows the appear¬ 
ance at the level of expansion from stalk to blade. Beneath the epidermis a 
cortex 4-5 cell layers in thickness is followed by a definite endodermis and a 
mechanical ring consisting of a few thick-walled layers shading off to the 
thin-walled cells of the axial ground tissue. This region shows very thin- 
walled isolated vessels in a peripheral zone, a few in a more central position, 
and larger or smaller groups of delicate phloem cells scattered through the 
ground tissue but in this organ rarely invading the mechanical layer, so far 
as our observations indicate. Several rather large phloem groups arc apt to 
occur in the central region. Longitudinal sections show that the thickenings 
of the vessels are of the annular, spiral, and reticulate types, all very poorly 
lignified. Thus point by point the vascular tissues corrsepond in arrangement 
and structure with those found in the stele of the inflorescence axis. Surely 
it is just as proper to call the area enclosed by the endodermis a stele as in 
the two regions of the stem. Small portions of the stele are pinched off to 
supply the veins of the lamina; the largest of these have a nearly complete 
mechanical sheath surrounding a very poorly developed central xylem and 
three or four small peripheral phloem groups; smaller veins show dorsal and 
ventral mechanical areas, the former frequently being the smaller of the two, 
with the phloem groups persisting on the flanks. The strands hence resemble 
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steles rather than collateral bundles. The blade (fig. 9) presents the follow¬ 
ing layers: (1) an upper epidermis which may have a few glandular hairs 
of the type occurring on the rhizome; (2) four or five layers of nearly cubical 
cells, the inner ones containing chloroplasts and reminding one of poorly 
developed palisade; (3) a spongy layer occupying most of the thickness of 
the organ; (4) a lower epidermis with stomata of an unspecialized type and 
glandular hairs in larger numbers than on the upper surface. Obviously the 
blade would pass for a leaf were it not for the stelar nature of the vascular 
structures and the similarity of these to the ones found in the stem. It should 
be remarked that the dorsiventral structure of the blade need not enter into 
the argument, in view of the fact that the unquestioned flat branches of 
Phyltoctadns bear far more stomata on the lower side and show a palisade 
toward the upper side. These features arc to be regarded as strictly eco¬ 
logical. 

Schenek’s figure 11 (1887) representing the ‘‘mid-rib of the leaf” of 
r. won tuna resembles our figure 7 except that in the former the vessels are 
somewhat less evenly distributed. Hovelaeque (1887) has undertaken to 
interpret Schenck’s figure (i, representing a runner, as showing an arc- 
formed grouping of the vessels, hence the runner is a phyllome, not a caulome 
as Selienck held. Kealizing that all evidence of dorsiventrality should be con¬ 
sidered, and that some of the small vessels ma\ easily be overlooked, we have 
outlined under high magnification with camera lucida the set of vessels 
occurring in the section photographed in figure 7. Thirty-four undoubted 
vessels were found, all but four of them making up an interrupted ring- 
formed /.one, not in any way suggesting an arc. The phloem in our figure 
looks a trifle suspicious, showing four large groups more or less on an axis 
running at right angles to the width of the blade, but the illusion is dis¬ 
pelled by a glance at other sections, which show* that the phloem groups 
anastomose so as to present various arrangements. Hovelaeque’s argument 
hence appears to have no application to 0. Kndresii, which is probably a 
more primitive plant than l\ Montana because the former has a better devel¬ 
oped primary axis and simpler branches. 

Additional light on the morphological status of the photosynthetic organ 
is afforded by examination of the region where it branches off from the 
rhizome. Figures 1-4 represent sections selected from a series taken through 
the stem. Reference is made to the legend, which sufficiently indicates that 
the vascular system of the so-called leaf arises as a concentric group, not a 
collateral one; that is, we are here dealing with a flattened branch, not a leaf, 
it is instructive to compare these sections with those cut from an inflorescence 
axis at the level of origin of one of the bracts. In spite of its small size the 
bract is supplied by three vascular bundles, arising separately from the stele 
of the axis (fig. 10), the median bundle being larger than the laterals. It 
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will be recalled that this is the typical mode of origin of the vascular supply 
of a leaf. The contrast between figures 10 and 3 is sufficiently striking. In 
sections through a bract the median bundle is represented by 4-6 vessels 
arranged in a broken row parallel with the surface of the bract; applied 
abaxiall.v to these Several minute groups of phloem; finally a conspicuous 
island of mechanical fibres—essentially a collateral bundle. 

Plainly Orehyllium has not entirely lost the power of producing leaves, 
and these are unmistakable when they do occur, it would naturally be grati¬ 
fying to find a leaf or bract subtending a photosynthetic organ, comparable 
with the bract occurring at the base of each cladophyll in Ruacus , but nothing 
of the kind appears to be present. This seems to be one of the features of 
reduction in this very specialized subterranean organ. It will be recalled that 
the bract which usually subtends each flower of a raceme is typically absent 
in Cruciforae. 

Petioles showing a stele-like bundle are of course known in different 
groups of plants; for example, several species of the fern genus Gleiehvnia 
show a concentric arrangement of xvlem and phloem and even a pith area 
in certain regions of the leaf axis; but this represents a pseudosteie, formed 
by fusion of the edges of a C-shaped leaf trace, as Avas pointed out by Jeffrey 
and others. Likewise the concentric structure seen in the petiolar bundle of 
some species of Primula has been shown by Gwynne-Vaughan (1897) to be 
the result of the same process as occurs in 67 eiehenia. In Orehyllium , how¬ 
ever, the concentric trace supplying the photosynthetic organ arises in a 
quite different manner, as we have shown. 

In view of the evidence derived from internal structure, the inference 
appears inescapable that in Orehyllium the photosynthetic organs are not 
leaves but flattened stems of limited growth, hence the name cladode is appli¬ 
cable. Naturally the early students of the bladderworts interpreted the 
organs by comparing the external form in various species and genera. Even 
Schenck, who made a careful study of IT. montana , apparently failed to per¬ 
ceive the implication of the vascular structures exhibited in this close rela- 
ti\ T e of 0. Eudresii , for without comment he called the green organs “lea'ves.” 
But this was in 1887. Meanwhile it has come to be realized that the vascular 
parts of a plant are less liable to modification by reason of changes in the 
environment than is the external form. Hence the vascular anatomy fur¬ 
nishes one of the most reliable criteria for establishing morphological con¬ 
cepts and, for determining relationships. Goebel was an earnest student of 
the group, but even in his later contributions paid scant attention to vascular 
structures. He reached the somewhat disconcerting conclusion that in Utri- 
cularia and its allies: “kurtz es ist das gewohnliche Schema der Organbild- 
ung hier ganz fiber den Ilaufen geAvorfen. ,, (Goebel 1898, p. 446). His trans- 
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lators have rendered the last phrase as “jumbled,” which probably expresses 
the meaning: rather mildly. 

The anatomical evidence furnished by such terrestrial species as 0. 
Emlrcsii and IL monlana is so consistent that it becomes probable that the 
small green blade-like organs arising* from the creeping stem of V. cornnta 
are also of caulome nature, as was suggested by Schimper (1882). Barnhart’s 
study of the family led him on the basis of external features such as bracts 
to place his new genus Or chy Ilium next to Rafinesque’s genus St onto ism, 
which includes the former V. cornnta and other species. These near-aquatics 
naturally have practically no vascular tissues, but have in all probability 
been derived from terrestrial plants, so that the systematic position of 
Stomoisia and other segregates may be significant. 

We are not prepared however to extend the ciadode theory to all mem¬ 
bers of the family. The vascular structures in the different genera show con¬ 
siderable differences. Thus Van Tieghem (1869) reported that in U. vulgaris 
the stele has a narrow central vessel surrounded by elongated cells contain¬ 
ing a granular liquid. This is a reduced condition of the xvlem which is 
shown by other aquatics, e.g., Elodca. Dangeard and Barbe (1887) observed 
in Pinyuicula the condition which they called polystely and compared with 
the similar condition in Primula Auricula. Merl (1915) furnished an account 
of the anatomy of several species of (Indisea , finding in all a sclerenehy- 
matous ring surrounding a circular series of phloem groups, with vessels 
distributed through tin* pith. It will be noticed that none of these plants 
has an arrangement of vascular tissues like that described by Schenck (1887) 
and the present writers, in view of this diversity in the vascular tissues, it 
would be unwarranted to claim that cladodes occur throughout the family. 
Pinguicula , Gcnlisca, and Vtricularm are so different in various respects 
that the family must have had a long history which is at present unknown. 
(Soebel may well be correct in regarding all the organs of Gcnlisca as modi¬ 
fied leaves, but the observations presented in this paper strongly support the 
earlier view of Schimper and others that the flattened organs in Utriculana, 
scnsu la to, are of the nature of branches. 

SUMMARY 

The problem of the morphological nature of the photosynthetic organs in 
Vtricularia is approached from the point of view of vascular structure in 
the terrestrial tropical Orchyllium Endrcsii. In this species the vascular 
tissues are fairly well developed, and so-called leaves are conspicuous organs. 

The stele of the underground stem presents a ring-formed group of ves¬ 
sels interspersed in much parenchyma, and numerous small groups of phloem 
cells scattered through the stele. The inflorescence axis has a similar struc¬ 
ture, with vessels more scattered. The stalk of the “leaf” is constructed 
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almost exactly like the preceding organ, and its vascular supply arises from 
the stele of the stem as a concentric rather than collateral organ. 

The only organs with leaf structure are the bracts on the inflorescence 
axis. The vascular supply of a bract consists of a median and two smaller 
lateral bundles arising separately from the stele of the inflorescence axis. 

These observations indicate that the so-called leaf of Orchyllium is to be 
regarded as a specialized branch or cladode. It is suggested that cladodes 
may be present in aquatic members of the family in which vascular tissues 
are reduced to the vanishing point. 

Department of Botany, 11utgers University 
New Brunswick, New Jersey 
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POLYPLOIDY IN SEDUM PULCHELLUM—II. 
STOMATAL SIZE AND FREQUENCY 1 

Harriet E. Smith 

Within recent years it has been found that in many groups of plants 
polyploids can be distinguished from diploids by comparing the size and 
frequency of stomata. An increase in chromosome number is accompanied 
by an increase in stomatal size and a decrease in stomatal frequency in Zea 
(Randolph 1932, 1935), Trudescantia (Sax & Sax 1937), Coffca (Franco 
1939), and other genera. It has been suggested that such a relationship be¬ 
tween stomata and chromosome number would aid in detecting polyploid 
races in herbarium material, and stomatal size and frequency have actually 
been so used as criteria for polyploidy (Babcock & Stebbins 1938; Stebbins 
1939; Sax & Sax 1937).'This also offers a ready clue toward determining 
polyploid races of living plants. 

To ascertain the size and frequency of stomata in Scdtim pulchcUum, 
studies were made on the diploid (2a-22), tetraploid (2a = 44), and hexa- 
ploid (2a — (iti) races. Counts were made on the diploid for 19 plants from 
lb locations, on the tetraploid for 19 plants from 12 locations, and on the 
hexaploid for 12 plants from 3 locations. 2 The chromosome counts were 
made by J. T. Baldwin, Jr., from aceto-carmine smears of roots and leaves, 
and some from Nawaschin-fixed, crystal-violet-stained sections of roots. 

Since environmental conditions and position of leaf on the plant have 
been found to affect the size and distribution of stomata in some species 
(Franco 1939; Hirano 1931), the plants studied were grown under uniform 
conditions and counts were made only from basal juvenile leaves of plants 
at a uniform stage of development. Although preliminary observations in¬ 
dicated that stomatal size and frequency do not vary appreciably in the 
same leaf in Sat urn pidchcUum , an attempt was made always to take the 
count from the middle portion of the lower epidermis of the leaf. 

Lloyd’s method (Lloyd 1908) for measuring stomata was used: the lower 
epidermis was stripped from the leaf and fixed at once in absolute alcohol 
(Lloyd found no measurable shrinkage of stomatal size under this treat¬ 
ment). Measurements of five open stomata on each leaf were made with an 
eyepiece micrometer, a Spencer microscope with a 10 x ocular and 44 x 
objective being used; stomatal counts were made with a 10 x ocular and 

1 Papers from the Department of Botany of the University of Michigan, No. 816. 

- Collections were made by: J. T. Baldwin, dr., Joan M. Campbell, L. M. Dickerson, 
R. M. Harper, A. M. Harvill, Milton IJopkins, D. W. Moore, H. T. Shaeklette, J. A. Stover- 
mark, Mary E. Wharton. 
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10 x objective; the total number of stomata per microscopic field was deter¬ 
mined and the statistical comparison of races was based on the number of 
stomata per field. The numbers were converted later to number of stomata 
per square millimeter. 

Individual plants in each race vary so greatly morphologically that it 
would be hazardous to judge the degree of polyploidy by the general appear¬ 
ance of a single plant; however, when large numbers of plants of different 
races are studied, racial differences can be discovered. In the diploid, the 
juvenile leaves are small and densely crowded, giving the plant a compact 
appearance. In the tetraploid, leaves are slightly darker in color, larger, 
and not so densely crowded. The tetraploids appear to be healthiest and 
most vigorous. Hexaploid leaves are broadest, and in length are intermediate 
between those of the diploid and the tetraploid (fig. 1). The hexaploid has 



Pig. 1 . Primary and secondary juvenile leaves of Sethim pulcUeUnm. 1 . Primary leaf 
of diploid, 2n-22 . 2. Secondary leaf of diploid. 3. Primary leaf of tetraploid, 2«-44. 
4. Secondary leaf of tetraploid. 5. Primary leaf of hexaploid, 2 n ~ 06. 6. Secondary leaf 
of hexaploid. All x 2. 


fewer but longer stems than the tetraploid, giving the hexaploid a more 
diffuse appearance. Measurements of mature leaves are being analysed sta¬ 
tistically and will be published later. Diploids mature and flower earlier 
than the other two races. The three races occupy different geographical 
regions (Baldwin 1942). 

Stomatal size was found to vary directly with chromosome number, and 
stomatal frequency inversely with chromosome number (table 1). The dif¬ 
ferences in the means of the different races all give very high values of t, 


TABLE 1. Stomatal Size and Frequency in Sedurn pulchelhtm 


Chromosome 

number 

Number of 
plants 

Mean stomatal 
size in p, 

Mean number 
of stomata 
per field 

Mean number 
of stomata 
per sq. mm. 

271 = 22 

19 

269 + 3 

83.3 + 2.125 

697 

2n = 44 

19 

457 ±8 

53.6 +1.005 

449 

271 = 66 

12 

575 + 6 

42.75 +1.5 

358 
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the smallest being t-6; therefore these differences are statistically highly 
significant. 

It must be emphasized that environmental conditions and other factors 
as well as chromosome number can strongly influence the frequency of 
stomata. In an attempt to learn how polyploidy exerts effect, therefore, it 
should be worth while to study the influence of environment upon the size 
and distribution of stomata. Yapp (1912), Salisbury (1927), and Maximov 
(1929) have found stomatal frequency to be correlated negatively with 
water supply: sun leaves have more stomata per unit area than shade leaves; 
plants grown under dry conditions have more stomata than those under 
humid conditions; upper leaves of many herbs and shrubs have more stomata 
than lower leaves, the upper leaves being farther from the source of water 
supply. Yapp and Salisbury consider high stomatal frequency to be a xero- 
morphic character. Maximov and Salisbury have found that in plants having 
more stomata on the upper leaves than on the lower ones, the upper leaves 
have a greater osmotic -pressure than the lower ones. Thus high stoma tal 
frequency appears to be correlated with high osmotic pressure. Yapp and 
Maximov in discussing the cause of high stomatal frequency in the upper 
leaves of a plant advance the theory that high stomatal frequency is actually 
caused by high osmotic pressure in the leaf while the leaf is developing and 
expanding. Although in this study on Scthnti no attempt has been made as 
yet to determine osmotic pressures of the different chromosome races, Becker 
(1931), working with mosses, found osmotic pressure to be inversely pro¬ 
portional to chromosome number. If this should be found to be a general 
characteristic of polyploidy, then the high stomatal frequencies of the 
diploids and low frequencies of the hexaploids would be correlated with 
differences in osmotic pressure and would, accordingly, agree with Yapp’s 
theory. 

The ecological significance of stomatal size and frequency is somewhat 
uncertain. Salisbury (1927), in his study on the ecological significance of 
stomatal frequency, concludes that since the correlation between number 
of stomata and humidity is negative, stomatal frequency has no adaptational 
significance in relation to transpiration or assimilation. Yapp (1912), on 
purely theoretical grounds, concludes that the transpiration rate through 
the smaller but more numerous stomata of xeromorphic leaves should not 
be much greater than that through the larger but fewer stomata of less xero¬ 
morphic leaves, but Smith (1941) has found a significant positive correlation 
between stomatal frequency and transpiration in Phascolus vuhjaris. 

SUMMARY 

Stomatal size and frequency in juvenile leaves of three races of Scditm 
'piilchcllum were determined: stomatal frequency varies inversely with 
chromosome number; stomatal size varies directly with chromosome number. 
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When grown under constant environmental conditions, the three races 
differ morphologically, but there is also great variation within each race. 

A possible relationship between chromosome number, osmotic pressure, 
and stomatal size and frequency is suggested. 

The ecological significance of stomatal size and frequency is uncertain. 
Department of Botany, University of Michigan 
Ann Arbor, Michigan 
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THE NORTH AMERICAN SPECIES OF ERIGERON CENTERING 
ABOUT E. SPECIOSUS (LINDL.) DC. AND 
E. GLABELLUS NUTT. 

Arthur Cronqutst 

In the course of preparing a revision of the North American species of 
Erigeron , I think it advisable to place tlie following treatment of some west¬ 
ern species on record, in order that certain names and combinations may be 
made available for use. Citation of specimens, and discussions of phytogeny 
and evolutionary trends, are reserved for inclusion in a later more extensive 
work. 

This study is intended to include the biennial and perennial North Amer¬ 
ican species of Erigeron that have double pappus and erect stems with broad 
cauline leaves, exclusive of E. philudclphicus L. and its immediate relatives. 
Roughly, it includes the sections Macro nth i, (Habclli , and Aspcri of Dr. 
Rydberg’s treatments. These forms constitute an entirely natural group. 

As in many genera of the Compositor, complete morphologic discon¬ 
tinuity between species does not always exist. Intermediates can be found 
between forms that by any reasonable taxonomic system must, be recognized 
as valid species. Those units which are comparatively distinct from other 
units, and whose subunits, if any, all share some common character or char¬ 
acters not found in closely related units, have been recognized as species. 
Geographic distribution of each of the groups recognized as a species is fairly 
continuous. 

Following immediateh on the question of specific criteria is the problem 
of intraspecific units. 1 wish to place on record here my concept of these. 

Subspecies: An intraspecific unit, more or less genetically continuous 
through time because of a tendency for its individuals to breed largely 
among themselves, which occupies a largely distinct range of its own, and 
intergrades with other units where their ranges meet; or, a group of varieties 
that are more closely related to each other than to other varieties of the 
species. 

Variety: An intraspecifie unit, more or less genetically continuous 
through time because of a tendency for its individuals to breed largely 
among themselves, which shares a large part of its range with similar units, 
or which occurs anywhere within the range of a given species or subspecies. 

Form: A minor intraspecifie unit which occurs sporadically through part 
or all of the range of a species or major intraspecifie unit, does not occupy 
any sizeable area to the exclusion of other individuals of the species, and 
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whose individuals show no obvious tendency, other than that induced solely 
by proximity, to breed largely among themselves. 

In any monographic work, the nomenclaturally typical unit of a species 
should receive the conventional varietal or subspecific epithet if there are 
any major units within the species. It is not desirable, however, to grant the 
typical unit an epithet as a forma , unless, as is not usually done, all of the 
formae of that species are treated and named. 

It is my conception that any real subspecies or variety will probably have 
some habitat preferences or peculiarities of its own developed to a greater or 
lesser degree, so that it is not necessary to grant subspecific status to ecotypes 
which are not geographically segregated. 

The criteria used in this treatment are mostly external and superficial, 
such as the width of the phyllaries, size and distribution of the leaves, and 
pubescence. Width of the phyllaries, hitherto apparently almost totally dis¬ 
regarded, seems to be of considerable importance. Each of the species varies 
about its own mean, with the extremes commonly overlapping the extremes 
of certain other species. The width of the phyllaries is particularly helpful 
in distinguishing doubtful forms of E. superbus from E. speeiosus, and E. 
formosissimus from E. subtrinervis. Associated with phyllary width is the 
degree of looseness of the tips. E. superbns , E. formosissimus, and E. glabel¬ 
las are notable for the comparatively close tips of the phyllaries in mature 
heads, while E. speeiosus and E. subtrinervis are notable for the very loose 
tips of the phyllaries. 

Distribution and relative size of the leaves are very helpful. With the 
exception of E. superbus, the group may be divided into those forms in 
which the basal leaves are largest and the upper ones progressively and con¬ 
spicuously reduced, and those in which the middle leaves are as large as or 
somewhat larger than the basal ones, with the upper ones only gradually 
reduced. 

Type and distribution of pubescence are generally helpful, each unit here 
recognized having its own characteristic vesture. Number and width of 
ligules are occasionally helpful, as are height of the plant and persistence or 
deciduousness of the basal leaves. Size and number of heads, and shape of 
the inflorescence have only very limited usefulness, being too variable in 
most of the species to be of much help. Length and color of the ligules, and 
character of the short outer pappus seem to be wholly unreliable in this 
group of'species. More technical characters of the achenes and disc corollas 
are in general too uniform to be of much value in the group. 

About 2500 sheets, from 15 herbaria, have been assembled for this study. 
I wish to thank the curators for their kindness in loaning specimens. Grate¬ 
ful acknowledgement of assistance is made to Dr. Ray <T. Davis, who has 
spared no effort to assemble the necessary materials and has given continued 
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advice and encouragement,, to Dr. Bassett Maguire, who has been most gen¬ 
erous in providing access to necessary literature, and to my wife, Mabel 
Allred Cronquist, who has assisted and encouraged the study in various 
ways. 


KEY TO THE SPECIES 

1. Stem leaves glabrous or glandular, not even ciliate on the margins, com- 
ara,lively few and little if at all longer than the internodes 1. E. superbus 

1. Stem leaves either obviously pubescent or at least eiliate on the margins, 
sometimes also glandular, often numerous and longer than the intcrnodes. 

2. Plant rather equably leafy, the upper stem leaves gradually rather 
than conspicuously reduced, the middle stem leaves commonly larger than 
tin* lowermost ones. 

3. Upper and middle stem leaves glabrous or nearly so except for 

the eiliate margins; stem glabrous below the inflorescence or bearing 

a few scattered hairs 2. E. speciosus 

3. Upper and middle stem leaves obviously hairy or glandular or 

both, or the stem conspicuously pubescent with long spreading hairs. 

4. Leaves glandular or glandular-scabrous, sometimes also 
sparsely long-hairy. 

5. Leaves without long eglandular hairs except for the eiliate 
margins and occasional long hairs along the midribs; stem 
pubescent above with stiff spreading hairs; plants of Arizona 
and New Mexico 3. E. platyphyllus 

3. Leaves and stem sparsely pubescent with long, soft, flexuous 
hairs; plants of southwestern Wyoming to central Utah 4. E. uintahrnsis 
4. Leaves hairy, not glandular or the uppermost ones but slightly 
glandular 5. E. subtrinervis 

2. Plant rather inequality leafy, the upper leaves conspicuously reduced, 
the middle ones commonly smaller than the lowermost ones. 

3. Stem and involucre glandular or viscid, sometimes also hairy. 

6. E. formosissimits 

3. Stem and involucre more or less hairy, not at all glandular or 

viscid 7. E . glabellas 


TREATMENT OF TIIE SPECIES 

1. Ekigeron suPEiqjus Greene ex Rydb. Colo. Exp. Sta. Bull. 100; 351, 
364. 1006. E. apwulatus Greene, Leafl, 2 : 217. 1912. E. cldc ns is Greene, 

Leafl. 2 : 196. 1912. E. mac ra nth us subsp. mirus A. Nels. Proe. Biol. Soc. 
Wash. 17 : 178. 1904. 

Perennial herbs arising from simple or slightly branched eaudiees, com¬ 
monly bearing tufts of radical leaves at the ends of short rhizomes; stems 1 
or several, 1.5-6 dm. high, glabrous below, glandular in the inflorescence; 
leaves more or less triple-nerved, few, commonly shorter than or barely ex- 
ceeding the internodes, obtuse or acute, apieulate, entire or some, especially 
the lower, denticulate or crenulate, not eiliate on the margins, or the lower¬ 
most but slightly so toward the bases of the petioles; basal and lowermost 
cauline leaves glabrous, persistent, oblanoeolate to oval, rather abruptly 
narrowed to winged petioles, the blade and petiole 3-15 cm. long and 10-33 
mm. wide; 1 middle cauline leaves smaller than or equalling those below, 
lanceolate to oblong or ovate, glandular; heads mostly 1-7, rarely as many 


i Here and elsewhere figures for width of leaf refer to maximum width of blade. 
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as 16, commonly cymose and borne on nearly naked peduncles, the discs 
11-19 mm. wide and 6-10 mm. high; phyllaries in one or two equal series, 
glandular, occasionally with a few long hairs, the outer ones broad, mostly 
0.8-1.3 mm. wide, acuminate, the tips appressed or a little loose; ligules com¬ 
paratively few, mostly 40-80, 1^2 mm. wide and 12-20 mm. long, blue or 
rose-purple, rarely white; pappus double, the outer setulose and sometimes 
very scanty. Mountains; southern Wyoming, Colorado, Utah, New Mexico, 
and Arizona. Not common. 

Erigeron superbus has sometimes been regarded as conspecific with E . 
eximius Greene, which was published several years before E. superbits. 
Through the kindness of Dr. Theodor Just, the type of E. eximius in the 
Greene herbarium at Notre Dame has been carefully checked and photo¬ 
graphed. It is E. formosissimus , variety viscidus , with which E. supcrbus 
intergrades to some extent. 

2. Erigeron speciosus (Lindl.) DC. Prodr. 5: 284. 1836. 

Perennial herbs with more or less branched woody eaudices; stem 1.5-8 
dm. high, glabrous, or sometimes slightly hairy or glandular in the inflores¬ 
cence, usually with a few hairs just under each head; leaves commonly but 
not always triple-nerved, entire but with ciliate margins, the cilia sometimes 
very few or present only along part of the margin, glabrous or sometimes 
with a few hairs along the main veins, the basal and lowermost cauline ones 
oblanceolate to broadly spatulate, narrowed to winged petioles, the blade and 
petiole mostly 5-15 cm. long and 4-20 mm. wide, usually deciduous or with¬ 
ered by flowering time; middle cauline leaves as large as the lower, or com¬ 
monly larger, narrowly lanceolate or oblong to broadly ovate or oval, acute 
or sometimes obtuse, apiculate, sessile, 3-11 cm. long and 5-28 mm. wide; 
upper leaves usually not markedly reduced, narrowly lanceolate to broadly 
ovate, occasionally minutely glandular; heads 1-13, cymose or cymose- 
paniculate, the discs 6-13 min. high and 11-22 mm. broad; phyllaries in 
about two equal series, glandular and sometimes with a few long hairs, the 
outer ones mostly 0.4-0.8 mm. wide, acuminate or attenuate, the tips loose; 
ligules numerous, about 75-150, about 1 mm. wide, 9-18 mm. long, blue, 
rarely white; pappus double, the outer commonly setulose. Mountains and 
Avoodlands; southern British Columbia and Alberta to northern Oregon, 
eastward and southward to Montana, western South Dakota, New Mexico, 
and Arizona; an isolated station in the Sierra San Pedro Martir, Baja 
California. 

1. Uppermost leaves lanceolate; phyllaries commonly with a few hairs a. var. typicus 
1. Uppermost leaves ovate; phyllaries without hairs . b. var. wacranthus 

4 

2a. Erigeron speciosus (Lindl.) DC. var. typicus, Cronquist var. nov. 
Stenactis spcciosa Lindl. Bot. Reg. 17 : pi. 1577. 1833. E. speciosus DC. 
Prodr. 5 : 284, as to type. 1836. E. salicinus Rydb. Bull. Torrev Club 32 : 
125. 1905. 

Stem sometimes slightly hairy above; uppermost leaves lanceolate, often 
strongly ciliate all around, sometimes with a few hairs on the surface; phyl- 
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laries commonly with a few hairs. Range of the species, but most common in 
British Columbia, Washington, Oregon, and northern Idaho. 

2b. Erigeron speciosus (Lindl.) DC. var. macranthus (Nutt.) Cron- 
quist, comb. nov. E. macranthus Nutt. Trans. Am. Phil. Soc. II. 7: 310. 
1841. E. Vreelandii Itydb. Bull. Torrey Club 32: 125. 1905. (See note 
under E . platyphyllus Greene.) E. encephala ides Greene, Leafl. 2: 216. 
1912. E. Iciophyilus Greene, Leafl. 2: 218. 1912. 

Stem commonly glabrous except, directly under the heads; uppermost 
leaves ovate, rarely strongly ciliate all around, not at all hairy on the sur¬ 
faces; phyllaries without hairs. Range of the species, but most common from 
Idaho and Montana southward. 

E speciosus and E. macranthus have Jong been accepted as distinct spe¬ 
cies, the former supposedly found in the Pacific Northwest, the latter in the 
Rocky Mountains. Rydberg, and later Blake, recorded E. speciosus from the 
Rocky Mountains, and shortly thereafter Blake named specimens from 
Washington E. macranthus. Examination of the two forms indicates that 
there is some degree of range correlation, but that either may be expected 
occasionally in any part of the range. The distinction between the two forms 
is indeed so tenuous that a good case could be made out for complete reduc¬ 
tion of E. macranthus to svnonomy. Its status as a variety is very weak. 

3. Erigeron platyphyllus Greene, Leafl. 1: 145. 1905. E. foliosissimus 
Greene, Leafl. 2: 194.1912. E . patens Greene, Leafl. 2: 194.1912. E. rudis 
Woot. & Standi. Contr. V. S. Nat. Herb. 16: 184. 1913. E. semirasus Woot. 
&. Standi. Contr. T T . S. Nat. Herb. 16: 185. 1913. 

Perennial herbs with branched woody eaudices; stems coarse and stout. 
3-8 dm. high or more, only rarely less than 5 dm. high, pubescent at least 
above with long stiffly spreading hairs, often glandular as well; leaves 
crowded, more or less triple-nerved, entire but with strongly ciliate margins, 
at least the middle and upper ones rather densely glandular or more com¬ 
monly glandular-scabrous, rarely with a few long hairs along the midribs, 
the basal and lowermost cauline ones oblaneeolate to spatulate, narrowed to 
winged petioles, the blade and petiole mostly 4-15 cm. long and 7-25 mm. 
wide, often deciduous or withered by flowering time; middle cauline leaves 
as large as those below, lanceolate to oblong or ovate, sessile, 4-11 cm. long 
and 10-25 mm. wide, upper leaves not markedly reduced, narrowly lanceo¬ 
late to narrowly ovate; heads 1-22 in a usually short and broad leafy cyme 
or eymose panicle, the disks 10-15 (rarely 18) mm. wide and 5-9 mm. high; 
phyllaries in about two equal series, glandular and sometimes with a few 
long hairs, the outer ones mostly 0.5-0.9 mm. wide, noticeably broadest near 
the bases, acuminate, the tips a little loose; ligules numerous, mostly 75-150, 
about 1 mm. wide and 9-17 mm. long, blue or rarely rose; pappus double. 
Mountains and woodlands; New Mexico and Arizona. 

This species has long passed as a form of E. macranthus . The glandular- 
scabrous leaves and conspicuous spreading hairs on the stem adequately set 
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it off from that form, although intermediates may be found. Dr. S. F. Blake 
has recently used the name E. patens Greene for this species. Unfortunately, 
E. platyphyllus Greene antedates E. patens , and hence must be used, al¬ 
though the cited type is not a very representative form of the species. 

E. Vreelandii Rydb., the type of which comes from southern Colorado, 
just outside the known range of E. platyphyllus, was published several 
months before E. platyphyllus. An isotype at hand has distinctly glandular 
middle and upper leaves, as in E. platyphyllus, but lacks the characteristic 
spreading hairs on the stem. Probably it represents an extreme form of E. 
spcciosus var. macramthus, the uppermost leaves of which are sometimes 
very finely glandular. Possibly it may be a hybrid, but I have seen no speci¬ 
mens of E. platyphyllus from the area in which it w^as collected. 

4. Erigeron uintahensis Cronquist, sp. nov. 

Perennial herbs with more or less branched woody caudices; stem 2-5 
dm. high, glandular at least above, rather sparsely pubescent throughout 
with spreading several-celled hairs sometimes as much as 2 mm. long; leaves 
entire, but with ciliate margins at least toward their bases, the basal and 
lowermost cauline ones villous-hirsute, sometimes also glandular, oblanee- 
olate, tapering gradually to winged petioles or petioliform bases, the blade 
and petiole mostly 4-10 cm. long and 6-18 mm. wide, often deciduous by 
flowering time; middle cauline leaves as large as those below, or larger, ob¬ 
long or lanceolate to ovate or oval, sessile and somewhat clasping, 3-10 cm. 
long and 8-20 mm. w T ide, more or less glandular and sparsely long-hairy; 
upper leaves not markedly reduced, ovate or lanceolate, glandular and com¬ 
monly with a few villous hairs; heads 1-5, eymosc, the disks 6-9 mm. high 
and 12-18 mm. broad in pressed specimens; phyllaries in about two equal 
series, densely glandular and bearing a few villous hairs, the outer ones 
mostly 0.5-0.9 mm. wide, acuminate or attenuate; ligules numerous, about 
75-125, about 1 mm. wide, 9-15 mm. long, blue or rose-purple; pappus 
double. Uintah Mountains and adjacent area, extending down the Wasatch 
and adjacent chains to Marysvale, occasional in southern Wyoming. 

Herba perennis 2-5 dm. alt a parce villosa pilis ficxis dispan sis certe supra 
glandulosa acquabiliter folima foliis integris , capitulis 1-5 discis 6-9 mm. 
altis 12-18 mm. latis, braetcis 2-seriatis valde glandulosis el parce villosis , 
ligulis 75-125 , 1 mm. latis 9-15 mm. long is caendeis, pappo duplico , acha - 
eniis 2-nervosis. 

Type : Pay son 4894. Mill Creek, foothills of the TJintah Mountains, sandy 
river bottom, 8200 feet, July 4, 1926, Summit County, Utah; in the Rocky 
Mountain herbarium. Isotypes in the herbaria of the University of Cali¬ 
fornia, th$ Missouri Botanical Garden, the United States National Her¬ 
barium, and Washington State College. 

Cotype: Goodman & Hitchcock 1548. Bear River Valley, dry sagebrush 
flats, 7900 feet, July 9-13, 1930, Summit County, Utah; in the herbaria of 
the University of California, the University of Minnesota, the Missouri 
Botanical Garden, and the Academy of Natural Sciences of Philadelphia. 

This endemic has until now passed unrecognized, having been identified 
by various individuals as E. speciosus, E. macranthus, E. viscidus , and E. 
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subtrinervis , often with a question mark. It is apparently not uncommon in 
the lower part of the Uintah Mountains, from which about a dozen collec¬ 
tions are known. Two collections are known from adjacent Wyoming, and a 
few from the Wasatch Mountains and their southern extensions. In the 
Uintahs it is surprisingly constant in appearance, but some specimens from 
the Wasatch are dubious and perhaps intermediate with E. sped os us or 
E. subtrinervis. Ids closest relative seems to be E. platyphyUns , and the trail 
of atypical specimens down the Wasatch may represent remnants of an 
earlier link between the two forms. 

5. Erigeron subtrinervis Rydb. Mem. Torrev Club 5: 238. 1894. 

Perennial herbs with more or less branched woody caudices; stem 1.5-9 
dm. high, pubescent throughout with spreading hairs; leaves more or less 
triple-nerved, entire but with eiliate margins, densely pubescent along the 
veins or more or less pubescent throughout, the basal and lowermost cauline 
ones mostly oblaneeolate, narrowed to winged petioles, the blade and petiole 
mostly 4-13 cm. long and 5-23 mm. wide, often deciduous by flowering time; 
middle cauline leaves as large as those below, narrowly lanceolate or oblong 
to broadly ovate, sessile, 3-8 cm. long and 6-27 mm. wide; upper leaves not 
markedly reduced, narrowly lanceolate to ovate, rarely a little glandular; 
heads 1-21, cymose or cymose-paniculate, the disks 6-9 nnn. high and 13-20 
mm. broad; phyllaries in about two equal series, glandular and more or less 
hirsute or villous, the outer ones mostly 0.4-0.7 min. wide, acuminate or 
attenuate, the tips loose; ligules numerous, about 100-150, about 1 mm. 
wide, 7-18 mm. long, blue or rose-purple; pappus double, the outer com¬ 
monly setulose. Mountains and woodlands; Washington and Idaho, east to 
western South Dakota and Nebraska, and south to Utah and New Mexico. 

J. Pubescence of the stem :ind lea\es commonly rather dense and uniformly 

distributed, not obviously denser along the \eins; longer hairs of the stem 

mostly about 1 nun. long or less a. subsp. ti/picus 

1. Pubescence of the stem and leaves commonly rather sparse and long, on 

the leaves often confined ehielly to the maigins and larger veins; longer 

hairs on the stem mostly 14 mm. long or more b. subsp. conspicuus 

5a. Erigeron subtrinervis Rydb. subsp. typicus Cronquist, subsp. nov. 
E. ylabellus Nutt. var. mollis (tray, Proc. Phil. Acad. 1863: 64. 1864. E. 
subtrinervis Rydb. Mem. Torrev Club 5: 238, as to type. 1894. E. inca - 
nescens Rydb. Bull. Torrev Club 28: 23, 1901. E. Bakeri Woot. & Standi. 
Conti*. U. S. Nat. Herb. 16: 185. 1913. 

Pubescence commonly uniformly distributed and rather dense, if sparse, 
that on the leaves not confined to the margins and larger veins; longer hairs 
of the stem mostly 1 mm. Jong or less, or if obviously longer, then the leaves 
very densely pubescent. Wyoming, Utah, and New Mexico, east to western 
Nebraska and South Dakota. 

5b. Erigeron subtrinervis Rydb. subsp. conspicuus (Rydb.) Cronquist, 
comb. nov. E. conspicuus Rydb. Mem. N. Y. Rot. Card. 1: 400. 1900. E. 
villosulns Greene, Leafl. 2: 215. 1912. 
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Pubescence sparse and long, that on the leaves denser on the margins 
and main veins, and sometimes confined chiefly thereto; longer hairs on the 
stem mostly mm. long or more. Washington, Idaho, Montana, and north¬ 
western Wyoming. 

Herbarium records, and my own limited field experience with it, indicate 
that this species frequents somewhat drier habitats than does its close rela¬ 
tive, E. speciosus . 

6. Erigeron formosissimus Greene, Bull. Torrey Club 25: 121. 19 Mr 
1898. 

Perennial herbs with simple or somewhat branched caudices and fibrous 
root systems; stems 1-4 (rarely 5.5) dm. high, usually curved or decumbent 
at the base, more or less glandular at least above, with or without eglandular 
hairs; hirsute, glandular, or glabrous below; basal and lowermost cauline 
leaves commonly glabrate or with long scattered hairs, sometimes densely 
pubescent, oblanceolate or spatulate to oval, entire, commonly rounded or 
obtuse at the tips, sometimes acute, abruptly narrowed to winged petioles 
or petioliform bases, the blade and petiole if present mostly 2.5-15 cm. long 
and 4-15 mm. wide; middle stem leaves lanceolate or oblong, sometimes 
ovate, commonly somewhat smaller than the lower ones, mostly 2-6 cm. long 
and 4-16 mm. wide, glabrate or somewhat hirsute, the margins ciliate; upper 
stem leaves reduced, linear or lanceolate to ovate, the uppermost generally 
less than 15 mm. long, glandular-scabrous or more or less hairy or both; 
heads 1-6, cymose, the disks 10-20 mm. broad and 5-10 mm. high ; phvllaries 
in two or three series of about equal length, linear, the outer ones mostly 
0.7-1.1 mm. wide (in var. viscidus sometimes only 0.6 mm. wide), acuminate, 
glandular or viscid and often hirsute; ligules numerous, approximately 75- 
150, 8-15 mm. long and about 1 mm. wide, blue, rarely pink or white; pappus 
double, the outer setulose and sometimes very scanty. Meadows and open 
ground in the mountains, often at high altitudes. Arizona, New Mexico, 
Utah, Colorado, Wyoming, and the Black Hills of South Dakota. 

6a. Erigeron formosissimus Greene var. typicus Cronquist, var. now 
E. formosissimus Greene, Bull. Torrey Club 25: 121, as to type. 1898. E. 
hirtuosns Greene, Leafl. 2: 209. 1912. E. subasper Greene, Leafl. 2: 195. 
1912. E. fruticetorum Rydb. FI. Rocky Mts. 906. 1917. 

Involucre glandular and more or less densely hirsute, the long hairs some¬ 
times so numerous as to obscure the glands; basal leaves frequently aeutish; 
uppermost leaves long-hairy or nearly glabrous, with strongly hirsute-eiliate 
margins, commonly not at all glandular; upper part of the stem glandular 
and with long spreading hairs. Range of the species. 

6b. Erijgeron formosissimus Greene var. viscidus (Rydb.) Cronquist, 
comb. nov. E. grandifloms Nutt. Jour. Phila. Acad. 7: 31. 1834. Not E. 
grandiflorus Hook. 1834. E. eximins Greene, Pittonia 3: 295. March 29, 
1898. See note under E. superbus. E. viscidus Rydb. Bull. Torrey Club 28: 
24. 1901. E . Gulielmi Greene, Leafl. 2: 195. 1912. E . iodanthus Greene, 
Leafl. 2: 209. 1912. E. rubicundus Greene, Leafl. 2: 209. 1912. E. scahe- 
rulus Greene, Leafl. 2: 212. 1912. E. Smithii Rydb. Bull. Torrey Club 32: 
125.1905. 
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Involucre densely glandular, sometimes also with a few long hairs; basal 
leaves rarely if ever aeutish; uppermost leaves glandular-scabrous, com¬ 
monly without long hairs except for the ciliate margins; upper part of the 
stem glandular, with or without long spreading hairs. Range of the species. 

Forms of E. formosissimus var. typicus are frequently rather tall, with 
the upper leaves comparatively little reduced, thus seemingly approaching 
E. snbtriuervis. These may be distinguished from that species, however, by 
the comparatively wide pliyllaries with mostly appressed tips. 

7. Erigeron glabellpr Nutt. Gen. PI. 2: 147. 1818. 

Biennial or perennial herbs with simple or slightly branched caudices 
and fibrous root systems; steins erect, 1-5 (rarely 7) dm. high; herbage 
sparsely to densely hirsute or strigose with appressed or spreading hairs; 
basal and lowermost can line leaves oblanceolate, entire or irregularly 
toothed, acute to obtuse or rarely rounded at the tips, tapering gradually 
to winged petioles or petioliform bases, the blade and petiole if present 
mostly 4-15 cm. long and 3-15 mm. wide; middle stem leaves linear or lance¬ 
olate. usually conspicuously smaller than the lower ones, often bract-like; 
heads 1-15, cvmose, usually on long nearly naked peduncles, the disk 10-20 
mm. broad. 6-13 mm. high; phyllaries in two or three series of about the 
same length, sometimes somewhat imbricated, linear, the outer ones mostly 
0.5-0 0 mm. wide, acuminate, hirsute or strigose, not glandular, appressed; 
ligules numerous, about 125-175, 8-15 mm. long, about 1 mm. wide, blue or 
pink, less commonly white; pappus double, the outer sctulose and sometimes 
very scanty. Meadows, prairies, and open ground; Alaska and Northwest 
Territory, south to Montana, Utah, South Dakota, and Wisconsin. 

1. Pubescence appressed or closely ascending a. subs}), typicus 

1. Pubescence spreading b. subsp. pubescents 

7a. Erigeron glabellus Nutt, subsp. typicus Cronquist, subsp. nov. E. 
asper Nutt. (ten. PI. 2: 147. 1818. E. glabellas Nutt. Gen. PI. 2: 147. 1818. 
E. oblanceolatus Kvdb. Bull. Torrey Club 24: 294. 1897. E. aniculannn 
Greene, Lead. 2: 215. 1912. E. anicularum Greene var. laliusndus Greene, 
Dead. 2: 216. 1912. E. multicolor Lunell, Am, Midi. Nat. 2: 255. 1912. 
E . obsc unis Lunell, Am. Midi. Nat. 2: 256. 1912. E. as per Nutt. var. ap- 
pressus Lunell, Am. Midi. Nat. 3: 3. 1913. E. oligodontus Lunell var. 
ac inn in at us Lunell, Am. Midi. Nat. 3: 4. 1913. E. subcostatus Lunell, Am. 
Midi. Nat. 3: 5. 1913. Tcsscuia glabella LunclL Am. Midi. Nat. 5: 59. 1917. 

Most of tlie names in the above list were transferred to Tcsscuia by 
Lunell in 1917. 

Pubescence appressed or closely ascending, mostly short and due; cross¬ 
walls of the hairs not at all conspicuous if present. Colorado, South Dakota, 
and Utah, north to southern Manitoba and Saskatchewan. 

7b. Erigeron glabellus Nijtt. subsp. pubescens (Hook.) Cronquist, 
comb. nov. E. glabellus Nutt. [3 pubescens Hook. FI. Bor. Am. 2: 19. 1834. 
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E. consobrinus Greene, Pittonia 3: 186. 1897. E. fraternus Greene, .Pit- 
tonia 3: 162. 1897. Not E . fraternus Greene, Pittonia 2: 169. 1891. E. 
Drummondii Greene, Pittonia 3: 295. 1898. E. Earlei Rydb. Bull. Torrey 
Club 32: 126. 1909. E. abruptorum Lunell, Am. Midi. Nat. 3: 13. 1913. 
E. anodontus Lunell, Am. Midi. Nat. 3: 6. 1913. E. asper Nutt. var. sub- 
integer Lunell, Am. Midi. Nat. 3: 143. 1913. E. oligodontus Lunell, Am. 
Midi. Nat. 3: 4. 1913. E. oxyodontus Lunell, Am. Midi. Nat. 3: 3. 1913. 
j E. procerus Lunell, Am. Midi. Nat. 3: 5. 1913. Tessenia glabella Lunell 
var. subdiscoidca Lunell, Am. Midi. Nat. 5: 59. 1917. 

Most of the names in the above list were transferred to Tessenia by 
Lunell in 1917. 

Pubescence spreading, particularly on the stem, often long and coarse; 
cross-walls of the hairs often highly conspicuous. Alaska and Northwest 
Territory south to Montana, North Dakota, and Wisconsin; also in Colorado. 

E. glabellas subsp. pubescens occurs quite commonly in the mountains 
of Colorado in the same general area that is occupied by subsp. typicus. 
The hypothesis is advanced that subsp. pubescens , the ancestral form of the 
species, migrated north across the plains after the retreating glaciers, giving 
rise to subsp. typicus somewhere in the early part of the migration. Some 
plants of subsp. pubescens remained in the central Rocky Mountains and 
moved upward in altitude as the climate warmed. These now persist as an 
island surrounded by plants of subsp. typicus. 

Dr. Joel Lunell segregated a large number of “new species’’ from E. 
glabellas. Frequently both subspecies are represented in his type collections, 
as he worked in an area where the two merge. The reductions made here are 
based on his type sheets in the University of Minnesota herbarium. 

University of Minnesota 
Minneapolis, Minnesota 
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A TAXONOMIC REVISION OF THE GENUS 
HOLODISCUS (ROSACEAE) 

Arline Ley 

INTRODUCTION 

The revision of the genus Holodiscus was suggested to me as a taxonomic 
problem by Dr. Philip A. Munz of Pomona College, to whom I wish to 
express the deepest gratitude for invaluable guidance and aid. I am also 
indebted to Mr. G. L. Wittrock of the New York Botanical Garden and to 
Miss Ruth Sanderson of the Gray Herbarium who have sent me important 
original descriptions of many species. I should like to thank those in charge 
of the following herbaria who have kindly loaned their material for this 
study: 

California Academy of Sciences (CAS), 

University of Michigan (MICH), 

New York Botanical Garden (NY), 

Pomona College (POM), 

Santa Ana Botanical Garden (RSA), 

University of California at Los Angeles (LA), 

United States National Herbarium (US)—Mexican and South 
American specimens. 

Abbreviations following the above names are those used in this paper in 
citation of specimens. 

HISTORY OF TIIE GENUS 

The plants now referred to the genus Holodiscus were originally included 
in the genus Spiraea. The type species of the genus, collected in New 
Granada (now Colombia) by Mutis, was described as Spiraea argeutea by 
Linnaeus f., Suppl., 261 (1781). In 1836 Rafincsque applied the name 
Schizonotus to the species Spiraea discolor Pursh (FI. Am. 1: 342. 1814). 
In New FI. 3: 74 (1836) he stated that he “adopted the Genus and name 
Schizonotus upon the suggestion of Lindley,” but he did not know how the 
name “split back” applied “unless the capsules open outside.” In Sylva 
Tell., 152 (1838) he applied the name Sericotheca (from the Latin, “silky” 
and “case,” referring to the hairy carpels) based on the species Spiraea 
argeutea. The name Schizonotus Lindl. had already been established as a 
synonym for Spiraea Lindleyana Wall, by Lind ley (ex Wall. Cat. n. 703. 
1830), but had become obsolete. Rafinesque took the name and applied it 
here. 

The name Holodiscus (from the Greek, “whole” and “disk,” referring 
to the entire disk of the flower) was first applied to this group by Koch, 
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Dendr. 1: 309 (1869), who made it a section under Spiraea, based on Spiraea 
ariaefolia Smith (in Rees, Cycl. 33: no. 16. 1819). Maximowiez, Acta Hort. 
Petrop. 6: 253 (1879), used the name Holodiscus in the tribe Potentilleae. 
It was later placed in a special tribe, Holodisceae, by Focke in Engler and 
Prantl, Nat. Pfl. 3 (3) : 18 (1894). Focke separated the genus from Spiraea 
because of the one-seeded indehiscent fruit. He recognized two species, H. 
discolor (Pursli) Maxim, and H. argenteus (L.f.) Maxim. 

In 1891 0. Kuntze, Rev. Gen. 1: 225, again used the name Schizonotus 
for the genus and recognized only one species, Schizonotus argenteus (L.f.) 
Kuntze, with ten varieties. Schneider, Ilandb. Laubh. 1: 495 (1905), in his 
treatment of the genus placed it under the subfamily Holodisceae,- calling 
the genus Holodiscus . He w r as not satisfied with Kuntze’s treatment of the 
group and recognized five species which he divided into two main types: 
those of the United States, and those of Mexico and South America. His five 
species included: II. discolor , II. dumosus, H. australis , II. fissus, and II. 
argenteus. 

The genus was last revised as a whole by Rydberg (N. Am. FI. 22: 261. 
1908) who revived the name Scricothcea and placed the genus under the 
tribe Holodisceae. He recognized fourteen species: 9 United States and 5 
Mexican and South American species. Schizonotus Raf. has now been re¬ 
jected, and Holodiscus Maxim, is placed in the Nomina Conservanda of the 
International Rules of Botanical Nomenclature, 98 (1935). 

CHARACTERS USED IN CLASSIFICATION 

The species of the genus Holodiscus are found to intergrade to some 
extent in most cases. The most consistent character used in classification is 
the leaves. The size, shape, pubescence, and glandular condition of the leaves, 
as well as the nature of the petiole and teeth, are the important key charac¬ 
ters in the genus. While these intergrade to varying degrees, the groups can 
usually be readily separated on this basis. The length and shape of the 
sepals are not consistent throughout, although Rydberg used these to sepa¬ 
rate certain species. In the same way the nature of the inflorescence is not 
consistent enough to be used in distinguishing species. The pubescence on 
the backs of the petals proves to "be denser in some species and is a fairly 
reliable character in separating the United States, forms from those to the 
south. 

In general, two principal groups might be separated: one ranging from 
British Columbia through western United States to northern Mexico; and 
another, from central Mexico south to Colombia. The southern group is dis¬ 
tinct in having long, pointed mueros on the teeth which are often bent, in 
the greater length of the leaf-blades as compared to the width, and in the 
greater pubescence on the outer surface of the petals. 
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DESCRIPTION OF THE GENUS 

Holodiscus Maxim. Acta Hort. Petrop. 6 : 253. 1879; Kuntze, Rev. Gen. 
1: 225. 1891; Engler & Prantl, Nat. Pfl. 3(3): 18. 1894; Schneider, Handb. 
Laubholzk. 1: 495. 1905. 

Spiraea $ Holodiscus K. Kocli, Den dr. 1: 309. 1869. 

Spiraea $ Spirana , Her. in DC. Prod. 2: 544, in part. 1825. 

Spiraea Endlieher, Gen. PI. 1247, in part. 1840; Benth. & Hooker, Gen. PI. 1(2) : 611. 
1865; Brewer & Wats. Bot. Calif. 1: 170. 1876. 

Scluzonotux ffaf. New FI. 3: 74. 1836. Not Schizonol us Hindi. 1830; Piper, Contr. 
IT. S. Nat. Herb. 11: 330. 1906. 

Scricothfra Knf. Sylva Tell. 152. 1838; Rydb. N. Am. FI. 22: 261. 1908. 

Sepals 5, 3-nervert, valvate in the bud, erect in fruit. Petals 5, short- 
clawed or rounded. Hypanthium saucer-shaped, adnate to base of calyx; 
disk entire. Stamens usually 20, inserted on disk with 3 stamens opposite 
each petal, one opposite each sepal; anthers did.vmous. Pistils 5, distinct, 
alternate with sepals, villous, inserted on center of disk, sessile; styles ter¬ 
minal; ovules 2, collateral, pendulous. Fruit indehiscent, one-seeded, enclosed 
in the calyx, short-stipitate, laterally flattened, villous, membranaceous, 
caducous, convex on lower suture. Seeds pendulous, broadly oblong, with 
double coat, thin endosperm; embryo with superior radicle and ovate 
cotyledons. Shrubs or small trees, spreading, to 7 m. tall, with alternate, 
simple, toothed leaves; stipules lacking. Inflorescence terminal with whitish 
or pinkish flowers, villous, racemose or paniculate. 

Type species: II. aryenfnts (L.f.) Maxim. The genus is distributed from 
Canada south throughout western United States to South America. 

KEY TO SPECIES 

A. Teeth ending in a short, straight, rounded niucro; petals with a few long 
hairs-at outer base; stamens longer than sepals. 

B. Leaf-blades toothed along sides below middle, elliptic to orbicular, 

not obovate. 

C. Leaves elliptic to elliptic-ovate or ovate, longer than broad, with 
3-6 teeth on each side, usually deeply toothed, glabrous or with a scat¬ 
tered pubescence above. ^ 

1). Leaves not decurrent on petiole but contracted at base form¬ 
ing a distinct petiole, teeth usually divided 3-6 times except in 
var. <Iclnortcnsis . Coastal British Columbia to Southern Calif. 1. JI. discolor. 
D1 >. Leaves decurrent on petiole, teeth usually simple, rarely 
doubly divided. 

IS. Leaves deeply toothed, teeth nanow, leaf blades narrowly 
cuneate at base. Wyoming to Arizona and Chihuahua 2. 7/. dmnosus. 

EE. Leaves not deeply toothed, teeth broad and rounded, leaf 
blades very broad at base, abruptly contracted. Valley of 
Mexico 3. H. pachpdiscus. 

OC. Leaves broadly ovate to orbicular, almost as broad ns long, with 
3-4 teeth on each side, not deeply toothed, pubescent to villous above, 
blades abruptly contracted, forming a. short winged petiole. Mts. of 
California 4. 2Z. Bourswn. 

BB. Leaf-blades toothed at top, rarely to middle, obovate to spatulate. 

Mts. from Oregon to Baja California 5. //. microphi/Uus. 
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AA. Teeth ending in a long, pointed, often bent macro; petals with a scat¬ 
tered, often dense pubescence on outer side; stamens not longer than sepals. 

B. Leaf-blades acute at apex, linear to lanceolate, tomentose to villous 
beneath. 

C. Leaf-blades 4-5 times as long as wide, almost entire, the teeth 

scarcely noticeable. Orizaba 6. 11. onzabac. 

CG. Leaf-blades 2-3 times as long as wide, coarsely toothed. 

Michoae&n and Guerrero (Mexico) to Guatemala . 7. 11. fissus. 

BB. Leaf-blades obtuse to rounded at apex, oblanceolate to obovate, 
white silky beneath. Oaxaca (Mexico) to Colombia 8. Tl. argent c us. 

TREATMENT OF SPECIES 

1. Holodiscus discolor (Pursh) Maxim. Acta Ilort. Petrop. 6: 254. 
1879. 

A tall spreading shrub, 1.5-6 m. talJ; bark of older branches dark-reddish 
to chestnut brown, becoming dark gray and exfoliating; young twigs light, 
straw-colored, pubescent, even villous; internodes about one-half the length 
of leaves; leaf-blades ovate to ovate-elliptic or -oblong, either truncate or 
cuneate at base, not decurrent on the distinct petiole, the apex rounded to 
obtuse, teeth deep, broad and round, ending in a short mucro, usually with 
4-6 teeth on each side, each tooth divided 1-6 times except in var. dclnor- 
tensis , the leaves gray-green to green above, sparingly pubescent, usually 
paler beneath, pubescent to villous or tomentose, the leaf-blades 3.0-8.0 cm. 
long and 2-7 cm. wide; petioles 0.5-2.5 cm. long; inflorescence spreading, 
dense, very compound, villous, 5-25 cm. long, and 5-25 cm. wide; pedicels 
1.5-3.0 cm. long, with linear bracts 1 mm. long; sepals triangular-ovate to 
elliptic-ovate, acute to obtuse at apex, 1.5-2.0 mm. long; petals oval, 2 mm. 
long, with several hairs on the outer base; stamens longer than sepals; car¬ 
pels very villous, up to 1.5 mm. long; styles up to 1 mm. long; achenes with 
straight upper edge and very much convex lower edge. 

KEY TO VARIETIES 

Leaf-blades at least 4.5 cm. long, 3-7 toothed on either edge, and with short 
pubescence on lower surface. British Columbia to Montana and Southern 
California ^ 3a. E. discolor var. (ifpirns. 

Leaf-blades less than 4.5 cm. long, 2-4 toothed on either edge, often with 
many long hairs beneath. 

Teeth of leaves compound, leaves grayish beneath, petioles 5-8 mm. 

long. Southern Oregon to Southern California lb. 11. discolor var. fraticisctnnis. 

Teeth of leaves usually simple, leaves whitish beneath, petioles (>-12 mm. 

Jong. Crater Lake, Oregon, to Del Norte Co., California. 

lc. 11. discolor var. dclnortcnsis . 


la. H. discolor var. typicus Ley, var. nov. 

Spiraea discolor Pursh, FI. Am. 342. 1814; Schizonotus discolor Raf. New FI. 3: 75. 
1836; EolodAsms discolor Maxim. Acta Hort. Petrop. 6; 254. 1879; Schizonotus argenteus 
var. discolor Kuntze, Rev. Gen. 1: 225. 1891; Sericothcca discolor Rydb. N. Am. FI. 22: 
262. 1908; Spiraea ariaefolia Smith, in Rees’ Cycl. 33: no. 16. 1819; Spiraea discolor 
var. ariaefolia S. Wats. Bot. Calif. 1: 170. 1876; Schizonotus argenteus var. ariacfalias 
Kuntze, Rev. Gen. 1: 225. 1891; Schizonotus ariacfolius Greene, FI. Fran. 58 - in part. 
1891; Schizonotus discolor var. Purshianus Rehder in Bailey, Cycl. Am. Hort. 4: 1627. 
1902. 
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Illustration: Figure 8. 

Leaf-blades broadly ovate with a truncate base, to ovate-elliptic with 
cuneate base, villous-pubescent to tomentose beneath, 4.5-7 (30) em. long, 
2.5-8 em. wide, the petioles 0.7-2 em. long; inflorescence spreading, 7-20 
em. Jong, 5-20 em. wide. 

There has been a great deal of confusion concerning the species Spiraea 
ariaefolia Sin., 8 . discolor Pursh and 8. dumosa Nutt. By some 8 . ariaefolia 
is treated as the coastal form, and 8. discolor Pursh and 8. dumosa Nutt, 
as the Rocky Mountain form. Other investigators feel that 8. ariaefolia Sin. 
and 8. discolor Pursh are in the same species, and the 8. dumosa Nutt, is 
different. From tin* literature and specimens reviewed, it would seem that 
the Rocky Mountain material is very different from the specimens of the 
northwest. 1 have not seen type material of 8. dumosa Nutt., but from 
descriptions of Torrev (Ann. Lvc. N. Y. 2: 195. 1827), Torrev and Grav 
(FI. N. Am. 1: 416. 3840), and Hooker (Loud. Jour. Bot. 6: 217. 3847), I 
believe it to be entirely different from 8. ariaefolia Sm. and 8. discolor 
Pursh. These two are here considered the same form and are included under 
H. discolor var. ty pints. 

This variety cannot be clearly distinguished in all cases from var. 
franciscanus. The two intergrade in the size and thickness of the leaves in 
the counties about San Francisco Bay, as for example do the following 
specimens from that region : Leona, Alameda Co., AJichener and Bialetti in 
J80J (NY) ; Oakland llills, near San Francisco, Alameda Co., Torrey t.VI 
(NY); and Los Troneos Creek, San Mateo Co., Berry in 7 909 (POM). 
These specimens resemble var. franciscanus in leaf form, but are 4.5 cm. 
long. There are a few forms which might be included with var. franciscanus 
because of their small leaf size, such as the specimens: Montana: Bigfork, 
Flathead Lake, Flathead Co., Jones 8800 (POM) ; and Flathead Valley, 
MucDouyal ?o7 (NY). B.C.: Coldstream, Vancouver Is., Macoun in 1887 
(NY). Washington : Friday Harbor, San Juan Co., Heller 070 (LA, NY) ; 
Tacoma, Pierce Co., Mill is in ISS.i (NY). Oregon: unknown loealitv, 
Spaldiny (NY), Mt. Hood, Jones in 1807 (POM); the Dalles, Wasco Co., 
Jones in 1807 (POM). However, 1 feel that these are exceptions and should 
be included under var. typints because of the very broad inflorescence and 
the thin leaves in most cases, as well as because of their distribution. 

Type collected by Lewis on the banks of the Kooskoosky, Idaho. "Range, along 
streams, on rocky hillsides or in open woods, between 50 and 4500 feet, fiom B. O. to 
Mont, and Coastal S. Calif. Jleprest ntative material: Montana: ITitelieoek 1071, 1880. 
Idaho: Mae Don pal 776*, Leibery 1JW, Alton 0*77 7, 8a ml her ft ,18.1. M. E. Jones C>.'S.l, Clark 
Jtl. B. C.: Eastwood ilium. Maconn J181? , ,»'fS 18. VV \siiington : Elmer /Idler toji» 9 

Alien J, Thompson 0818. Oregon: Memos, part of Ope collection of ariaefolia (NY), 
Sheldon 10077, Jones iJUK C\UEORN T i\: 7/ viler 757/, Hoffman 6*45, no. /), Eastwood Olid, 
M n n ? 18, A b ra n i s i 7 J. 1 . 

lb. H. discolor var. fkanciscam's (Kvdb.) Jepson, FI. Calif. 2: 166. 
1936. 

Stnrolhrra fmnnxctnia Rydb., N. Am. FI. 22: 202. 1008; Holoilixrtix franctxcnniix 
KpIkUt, Jour. Arnold Arb. 1: 260. 1020. 

Illustration: Figure 9. 

Leaf-blades thick, usually broadly ovate with truncate base and rounded 
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apex, villous beneath, usually 3-4.25 cm. long, 2-3 cm. wide, petioles 0.5- 
0.8 cm. long; inflorescence 7-12 (18) cm. long, 6-12 cm. wide. 

Type: San Leandro, Alameda Co., Calif., L. M. Underwood in 1888 (NY). Range, 
on open hillsides or along streams, between 300 and 2900 ft., 8. Ore. to Orange Co., Calif. 
Mepresentative material: Oregon: Heller 13070, 13634. California: Butler 1645, Heller 
11543, 13363, 5738, Abrams 5930, Jones 3579, Keck 1795, Elmer 4274, Stark 2248. 

As has been noted above under the variety typicus , there are a few plants 
found about San Francisco Bay which intergrade with that variety in leaf- 
size, for example: Eastwood 4733, Michener & Bialetti in 1892, Carruth in 
1901. Because of their thick leaves they are placed under var. franciscanus, 
although rather large. 

lc. H. discolor var. delnortensis Ley, var. nov. 

Folia ovata cum basi cuneato, supra grisea et pubeseentia, infra tomen- 
tosa et alba, simplice dentata; laminis foliorum 1.5-3.5 cm. longis, 1-2 cm. 
latis; petiolis 0.6-1.2 cm. longis; inflorescentia 6-14 cm. longa, 3-7 cm. lata. 

Illustration: Figure 10. 

Typb:: Parlingtonia, Smith River, Pel Norte Co., Calif., II. E. <f* S. T. Parks 24019, 
POM. no. 257430; isotypes RAS, NY, CAS. Range from Crater Lake, Oregon to Pel Norte 
Co., California; represented by: Oregon: Jones 7723 , 7752. California : Abrams 8136, 
Wolf 861 , 9127, Eastwood 12195, 2131. 

This variety is very close to II. discolor var. franciscanus , but differs in 
the very white appearance of the undersides of the leaves and in having 
simple teeth. There is a tendency for this group to have a longer petiole as 
compared to the length of the leaf blade Ilian in the other two varieties. The 
shape of the leaf is very characteristic, the leaf-blade being narrow at the 
top, broad near the base, and becoming cuneate. 

2. IIolodiscus dumosus (Nutt.) Heller, Cat. N. Am. PI, 4. 1898. 

A spreading shrub, 1-3 m. tall; bark of older twigs dark red, later becom¬ 
ing dark gray and exfoliating; young twigs light, often straw-colored, very 
villous, the internodes from much less than, up to length of leaves; leaf- 
blades elliptic or elliptic-ovate with cuneate base decurrent on petiole, the 
apex rounded to obtuse, the teeth rather dee}), usually simple, sometimes 
double, ending in a short, blunt mucro, mostly with 3-6 teeth on each side, 
the leaves gray-green above and glabrous, or slightly pubescent between 
veins, either whitish beneath and both tomentose and villous with long silky 
hairs especially along veins, or sparingly pubescent beneath with gland 
droplets between veins, the leaf-blades 1-3.5 (5) cm. long and 0.5-2 cm. wid^, 
the petioles 0.2-1 (1.4) cm. long; inflorescence with spreading branches, 
compound especially in lower part, densely villous, 5-20 cm. long, 3-10 cm. 
wide; pedicels 2-3 mm. long, subtended by linear bracts scarcely 1 nun. long; 
sepals triangular-ovate, 1.5-2 mm. long; petals oval, rarely with several long 
hairs at base beneath, 2 mm. long; stamens slightly longer than sepals; 
carpels very villous, 1 mm. long; styles 1 mm. or less, achenes with straight 
.upper edge and very much convex lower edge. 

KEY TO VARIETIES 

Leaf-blades pubescent to villous, not glandular beneath. 

Leaf-blades pubescent beneath, rarely villous, 1-2 cm. long, about twice 
as long as wide; inflorescence small and spreading. Wyoming to eastern 
Utah and Colorado 2a. H. dumosus var. lypiens. 
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Leaf-blades very villous beneath, 2.3-5 cm. long, more than twice as 

long as wide; inflorescence large and spreading. Southeastern Colorado 

to Arizona and Chihuahua 2b. H. dumosus var. australis. 

Leaf-blades scarcely pubescent beneath with long hairs along veins and with 
gland droplets between veins, 1.5-2.5 cm. long, about twice as long as wide. 

San Luis Potosi, Mexico 2c. IT. dvmosus var. Schaffncri. 

2a. II. miMOsrs var. typicus Ley, var. nov. 

Spiraea dvmosa Nutt, ex Torr. & Gray, FI. N. Am. 1: 415, as syn. 1840; Hooker, 
London Jour. Hot. 6: 217. 1847; Spiraea discolor var. dumosa S. Wats. Bot. Calif. 1: 
170, in part. 1875; Schizonotus argent cum var. dvmosus Kuntze, Rev. Gen. 1; 225, in part. 
1891; Holodiscus discolor var. dvmosus Dippcl, Handb. Laubh. 3; 508. 1893; Sclnsonotus 
dumosus Koehne, Dents. Dendr. 255. 1893; Holodiscus dumosus Heller, Cat. N. Am. PI. 4. 
1898; Schizonotus discolor var. dumosus Rehder, Cycl. Am. Ilort. 4: 1529, in part. 1902; 
Serieothcca dumosa Rydb. N. Am. FI. 22: 253. 1908. 

Illustration: Figure 5. 

Frequently a low shrub about 1 meter high; leaf-blades usually less than 
2 om. long and about half as wide, usually slightly villous, teeth most often 
rounded, not usually pointed; infloreseenee branched, 5-12 om. long, 2-7 
om. wide. 

Type collected by Nuttall, stony and sandy places of the Platte River. Growing among 
rocks or brush, between 2300 and 9400 ft., Wyo. and Colo, to eastern Utah and northern 
Arizona. Represent alive material: Wyoming : Nelson 637, 0317, 74S1. Utah: Gooddmg 
1371, Rydberg Garrett Of (IS. Colorado : Palmer JS133, Osterhout 3131, Patterson 33, 
Baker 361. Arizona: Tourney in 1892, Ostirhout 60S6, Eastwood 3SS0, Rushy 3S8. 

2b. H. dumosus var. australis (Heller) Ley, comb. nov. 

Holodiscus australis Heller, Bull. Toney Club 25: 194, pi. 338. 1898. 

Illustration: Figure 4. 

Shrub 2-3 m. high; leaf-blades usually densely villous and tomentose 
beneath, 2-3 (5) cm. long, less than half as wide, the teeth usually drawn 
out and pointed ; inflorescence spreading, 0-20 cm. long, 3-6 cm. wide. 

Type collection, from Santa Fe Canyon, 9 mi. east of Santa Fe, New Mexico, Heller 
3810. Growing in dry rocky places between 7900 and 11000 ft., southeastern Colorado to 
Arizona, Texas, and Chihuahua. Represi ntative collections: Colorado : Clements 137, 
Cfokey 370 f, Rollins 1811. Arizona: Joins 3060, Wolf JIM, Peebles tf Harrison 333* T, 
Blumer 1381. New Mexico: Wolf 37 If , 3813, Metcalfe 330, 1171, Wooton 384. Texas: 
Moore 4' Steyermark 3373, Ferris 4* Duncan 3330. Chihuahua : Pringle 7831, Goldman 
141 i , Nelson 4871. 

Tim following specimens have small leaf-blades, but the slender narrow leaf and 
pointed teeth would indicate that they belong in this group: Arizona*. Griffiths 4* Thorn- 
her 163. New Mexico: Diehl 433. Texas: Mueller 8388. CiuiiruirA: Barber <V* Town¬ 
send Hi, 117, Nelson 6130, Mufllcr 1313. 

Kydberg (N. Am. FI. 22: 263. 1908) does not separate australis from 
the more northern material and merely recognizes it as “the form with 
thinner, more acutish leaf-blades and more simple toothing.” As a whole it 
differs in leaf-size, breadth-to-length ratio, toothing and length of sepals. 

2e. H. dumosus var. Schaffneri (Uydb.) Ley, comb. nov. 

Serieothcca Schaffneri Rydb., N. Am. FI. 22: 254. 1908; Holodiscus Schaffneri 
Standley, Pub. Field Mus. Bot'. 4: 210. 1929. 

Leaf-blades scarcely pubescent beneath with long hairs on veins and with 
gland-droplets between veins, the teeth broad and rather rounded; leaf- 
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blades 3.5-4.5 cm. long, about half as wide; inflorescence 4-8 cm. long, 3-7 
cm. wide. 

Type: San Luis Potost, Mexico, Sehaffner 457. Known only from the type region, 
from such collections as Tarry £ Palmer 223, Mueller 2222, Lund ell 5331. 

3. Holodiscus pacuydiscus (Rydb.) Standley, Pub. Field Mus. Bot. 4: 
210. 1929. 

Sericolhrea pachydisca Rydb., N. Am. FI. 22: 203. 1908. 

Illustration: Figure 7. 

Older branches dark-gray with exfoliating bark, angled; young twigs 
light reddish-brown, pubescent, angled, internodes about one-half length of 
leaves; leaf-blades broadly ovate, more or less abruptly contracted at base 
with a short winged petiole, the apex obtuse, many-toothed, the teeth very 
broad and rounded, simple, ending in a short, blunt muero, 3-4 oil each side, 
the leaves pubescent above, grayish and villous beneath, the blades 1.5-3 cm. 
long, 0.8-2.5 cm. wide; petioles 2-3 nun. long; inflorescence spreading, com¬ 
pound, with a short dense pubescence, 3.5-15 cm. long, 3-15 cm. wide; 
pedicels 2-3 mm. long, with three linear bracts up to 2 mm. long; sepals 
triangular-ovate, glabrous within, acute at apex, 1.5 mm. long; petals ellip¬ 
tical, 1.5-2 mm. long; stamens as long as sepals, inserted on a thick fleshy 
hypanthium; carpels very villous. 

Type: Valle de Mexico, Tacuboya, Bouryeau 267 (US. Photo of type, NY). Known 
only from a single collection. 

4. Holodiscus Boursieri (Carr.) liehder in Bailey, (-yd. Hort. 1498. 
1915. 

Spiraea Bourstrri Carr. R£v. Hort. 1859: 520, f. IDS. 1859; Sericothrea Bonrsieri 
Rydb. N. Am. FI. 22: 203. 1908; Holodiscus saxieola Heller, Mulilenborgin 1: 41, 1904; 
Sencolheea saxieola Rydb. N. Am. FI. 22: 203. 1908; Serieolheca obovala Rydb. N. Am. 
FI. 22: 204. 1908. 

Ill list ration: Figure 6. 

A low shrub up to 1 m. high; bark of older branches dark reddish, becom¬ 
ing dark gray, exfoliating; young twigs straw-colored, often angled, short- 
pubescent to villous-pubeseent, internodes from half as long as to as long as 
leaves; leaf-blades broadly obovate to orbicular, the base sometimes euneate, 
more or less abruptly contracted, forming a short, winged petiole, the apex 
broad and rounded, many-toothed, the teeth broad and rounded, not deep, 
ending in a very short, blunt muero, usually 3-4 teeth on each side extending 
at least to middle of leaf-blade, the leaves green or grav-green above, finely 
to villous-pubescent, grayish or whitish beneath, villous to villous-tomentose, 
often glandular, the leaf-blades 1-3 cm. long, 1-2.5 cm. wide; petioles 2-3 
mm. long; inflorescence narrow to spreading, villous, 2.5-8 cm. long, 2.5-8 
cm. wide; pedicels 1-2 mm. long, with three bracts, linear to narrowly lanceo¬ 
late, 1 mm, long; sepals triangular-ovate with acute apex, 1.5-2 mm. Jong; 
petals oval, 2 mm. long, with a few long hairs at outer base; stamens longer 
than sepals; carpels villous, 1.5 mm. long, styles 1 mm. long, a dienes with 
straight upper edge and very convex lower edge. 

Type locality, California. Growing among rocks, between 4(500 and 8000 feet, in the 
mountains of California and adjacent Nevada. Represent alive specimens: California: 
Train 250, Howell 13493, Hitchcock 4’ 1 Martin 5357, Jones 2506, Heller 14451, 7160 
(type no. of H. saxieola ), 12396, Crum 2073, Johnston 1566 , Everett 7221, Wolf 5390. 
Nevada:* Greene 1431. Intermediate between 71. saxieola and Bonrsieri, as separated by 
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some authors, are Hansen 234, Bracelin 033, Eastwood 249; for this reason T cannot main¬ 
tain two separate entities. Although I have not seen the type of Spiraea Boursieri Carr., 
the figure given in the original description is well matched by Heller 12X96, Everett 7221, 
Johnston 1366, 

5. Holodiscus microphyllus Rydberg, Bull. Torrev Club 31: 559. 1904. 

Low spreading shrub, 15 cm. to 2 m. high ; bark of older twigs dark red, 
later becoming dark gray and exfoliating; young twigs reddish tan to light- 
tan, glabrescent with gland droplets to villous-pubescent, the internodes 
from one-half as long as to as long as leaves; leaves in fascicles of 1-8, obo- 
vate to spatulate with cuneate base decurrent on petiole, the apex rounded, 
many-toothed, the teeth usually small, broad, and rounded, often ending 
in a short, blunt muero, 2-3 on each side, the leaf-blades toothed only above 
middle, light green or gray green above, glabrescent to villous above, gla¬ 
brescent with gland droplets to villous-tomentose beneath, white-silky be¬ 
neath in some, the leaf-blades 0.5-1.75 cm. long, rarely 2 cm. long, 0.3-1 cm. 
wide; petioles 1-2 mm. long; inflorescence usually narrow and compact, 
rarely compound, villous, 2.5-3.5 cm. long, 1-3 cm. wide; pedicels 1-3 mm. 
long with linear bracts, 1 (rarely 2) mm. long; sepals narrow, triangular- 
elliptic with acute apex, 1-1,5 mm. Jong; petals oval to elliptic, 1.5-2 mm. 
long, glabrous beneath or with a few long hairs at outer base; stamens longer 
than sepals; carpels villous, 1 mm. long, styles 1 mm. long, achenes with 
straight upper edge and convex lower edge. 

KEY TO VARIETIES 

Leaf blades pubescent to villous beneath, with hairs masking gland-droplets 
if these are present, often pubescent above. 

Leaf-blades villous beneath, finely to densely pubescent above. Idaho, to 

California, and Colorado 5a. 77. nucrophyllus var. lypicus . 

Leaf-blades densely white-silky beneath, villous above, (’lark Co., Nevada, 

Arizona, and San Jacinto Mts., California, Lower California. 

5b. 77. nucrophyllus var. sc rice us. 

Leaf-blades glabrescent to glabrous beneath with evident gland-droplets be¬ 
tween veins, glabrescent or with a scattered pubescence above. Mts. from Ore¬ 
gon and California to Utah 5c. 77. nucrophyllus var. (/lab re see ns. 

5a. II. MK’ROPiiYLLUs var. typicus Ley, var. now 

Holodscus nucrophyllus Bydb. Lull. Torrey Club 31: 559. 1904; Sericotheea micro - 
phytla Rydb. N. Am. FI. 22: 204. 1908; Holodiscus discolor var. nucrophyllus Jepson FI. 
of Calif. 2: 100. 1936; Sericotheea eon color Rydb. X. Am. FI. 22: 204. 1908. 

Illustration: Figure 1. 

Leaf-blades pubescent to villous above, villous beneath, 0.5-2 cm. long, 
0.3-1.2 cm. wide; inflorescence 3.5-9 cm. long, 1.5-7 cm. wide. 

Type from Alta, Wasatch Mts., Utah, based on Jones 1142 (NY, POM) ; range from 
California to Tdaho and western Colorado. Representative collections: California: Heller 
12133, Bracelin XXX, Grant 1134, Eastwood 1332, Crafts 623, Mum 11X19, 7623, Wolf 
1699, 7644, 7649, Johnston 1696. Nevada: Heller 10333, 9342, Duran 3104 . Utah: East- 
wood 7703, Jones 3331. Colorado: Baker, Earle Tracy X631. Arizona: Jones 6036 . 

5b. H. microphyllus var. sericeus Ley, var. nov. 

Laminae foliorum supra villosae, infra albido-sericeae, 0.5-2 cm. longae, 
0.4-1 cm. latae; inflorescentia 3-6 cm. longa, 1-4 cm. lata. 
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Type: Griffiths Mine, bottom of rocky ravine, Clark Co., Nevada, Clokey 7,969 (POM 
257589; isotypes NY, RAS). Ranging from southern Nevada to Lower California. Mate¬ 
rial seen: Nevada: Potosi Mt., Jaeger in 1930 (POM); Heller 11006, Clokey 7556, 7138 , 
5507. Arizona: Huachuca Mts., Hilend in 1931 (LA). California: Ban Jacinto Mts., 
Jaeger in 1921 (POM). Lower California*. Wiggins 4' Hcmarec 5037, Goldman 1333. 

This variety might be confused with forms of typicus having densely 
villous leaves, but is more silvery beneath and with a greater contrast be¬ 
tween pubescence on the upper and lower surfaces than in typicus, which 
is almost equally villous on both surfaces. 

5c. H. micrOphyllus var. glabrescens (Greenman) Ley, comb. nov. 

Spiraea discolor var. glabrescens Greenman, Erythea 7: 116. 1899; Holodiscus gla - 
brescens Heller, Muhlenbergia 1: 40. 1904; Sericofheca glabrescens Rydb. N. Am. FI. 22: 
264. 1908; JR. discolor var. glabrescens Jepson, Man. FI. Pis. Calif. 479. 1925. 

Leaf-blades glabrescent to glabrous above, glabrescent to glabrous be¬ 
neath with many gland droplets between veins, 0.5-2 cm. long, 0.2-1.5 cm. 
wide; inflorescence 3-10 cm. long, 1-7 cm. wide. 

Type from Stein’s Mt., Oregon, Cusick 1253 (NY); ranging through mountains of 
Oregon and California to Utah. Representative numbers: Oregon: Cusick 3716, 1968, 
Hitchcock 4908, Abrams 9600, Thompson 13195. California: Copeland, 375, 3781, Heller 
11667, 11730, Cooke 11505. Utah: Leonaid, 139, Eastwood 4 Howell 7169 , Cottam 4535. 

In inflorescence, habit, leaf-size and -shape, this variety resembles var. 
typicus; it differs in the glabrescence of the leaves and the evident gland- 
droplets beneath. 

6. Holodiscus orizabae Ley, sp. nov. 

Illustration: Figure 2. 

Rami subrubentes ad grisei, deeorticantes; ranmlis angulatis, villosis, 
internodiis plus quam dimidio longitudinis foliorum; laminis foliorum 
lanceo-ellipticis, angustissimis, cum base cuneato, in petiolis decurrentibus, 
apice acuto in mucro longissimo terminando, foliis subintegris, dentibus 
obscuris, mucronatis, tres utrimque, laminis foliorum in superficic superiore 
glabris vel pubescent ibus, inferiore tomentoso-villosis, 2-3 cm. longis, 0.6-1 
cm. latis; inflorescentia ampla, composita, 6—10 cm. longa, 4-8 cm. lata; 
pedicellis 0.3-0.5 cm. longis cum tres bracteis lanceolatis, 2-3 mm. longis; 
sepalis late triangulo-ovatis, ad apicem acutis, 2 mm. longis; petalis late 
ovatis ad orbiculatis, infra pubeseentibus, in nervo mediano sericeis, 2 mm. 
longis, stylis 1 mm. longis, acheniis cum margine superiore leviter curvata et 
inferiore gibbissima. 

Type*. Vaquena de Jaeal, Pico de Orizaba, Mexico, 10-11000 ft. Liebmann 1670 (TTS, 
1012847; isotypes, NY). Known only from the type collection. 

The very narrow leaves of this species set it apart from any other form, 
and it seems advisable to recognize it as a distinct species. It corresponds in 
leaf-shape,to the description in O. Kuntze’s key (Rev. Gen. 1: 226. 1891) 
of Schizonotus argenteus var. angustissimus. However, his description is 
very short and no specimens were cited by him. As I have not seen any 
specimens of this species annotated by him, I cannot with any degree of cer¬ 
tainty designate this as the form to which he refers. 

7. Holodiscus fissus (Lindl.) Schneider, Ill. Handb. Laubh. 1: 495. 
1905. 

Spiraea fissa, Lindl., Bot. Reg. 2, misc., 73. 1840; 28, Misc., 1. 1842; Schizonotus 
argenteus var. fissus Kuntze, Rev. Gen. 1: 226. 1891; Schizonotus discolor var. fissus 
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Belider in Bailey, Cyel. Am. Hort. 1 €>27. 1902; Serieotheca fissa Rydb. N. Am. FI. 22: 
265. 1908; Spiraea argentea Bentli. PI. TTartw. 82. 1841. Not S . argentea L. f. 1781. Halo- 
discus argenteus y ar. bifrons Fockc, Bot. Gaz. 18: 200. 1893; Holodiscus Locseneri I Jam¬ 
mer, Repert. Sp. Nov. 25: 385. 1919. 

Illustration: Figure 11. 

Slender shrub 2-3.5 m. high; branches angled, more deeply ribbed in 
younger twigs, older branches dark red to dark gray, exfoliating; young 
twigs tan to light reddish-brown, with a short, dense pubescence, sometimes 
villous, the internodes J to { length of leaf; leaf-blades lanceolate to 
oval, cuneate at base, decurrent on petiole, acute to acuminate at apex, 
ending in a sharp muero, the teeth conspicuous, usually ending in a long, 
sharp muero, frequently bent, 5-9 teeth on each side w r ith many small teeth 
near apex, the leaf-blades glabrous above or rarely with a scattered pubes¬ 
cence in young leaves, with a short, dense pubescence beneath, often villous, 
particularly along veins, 2.5-8 cm. long, 1-4 cm. wide; petioles 0.5-1.5 cm. 
long; inflorescence sparse, spreading, villous, 9-20 cm. long, 5-15 cm. wide; 
pedicels 2-3 mm. long with lanceolate bracts, these 1-3 mm. long, up to 1 mm. 
wide; sepals triangular with acute apex, 1-2 mm. long; petals oval to or¬ 
bicular with fine pubescence scattered over back, particularly along veins, 
2 mm. long; carpels villous, 1-2 mm. long; styles 1-2 mm. long; achenes 
with slightly curved upper edge and convex lower edge. 

Type collected by liurtweg in Mexico. Range, southern Mexico to Guatemala. Material 
stint: Mexico—MiciioacAn: Nelson 6383 (NY, US). Guerrero: E. Kelson 2210 (NY, 
U8). Oaxaca: Smith 822 (US), Camp 2637 (NY). Chiapas: Seler 2136 (CAS, ITS), 
Srler 2238 (ITS; type collection of If. Loesencri ), Matilda 2380 (NY, MICH), Matilda 
3183, 0404 (MICH). Guatemala— -Quinn:: Jieyde 4’- Lux 3034 (NY, ITS; type collection 
of If. argenteus vnr. bifronn Fockc). Huehuetenango: E. Nelson 3666a (US)), Salas 470 
(US). Chiai altknango: Jfarhreg 373 (NY). The specimen from San Juan A tit Min, Dept. 
Huehuetenango, Slcittrh 1170 (NY), is very small leaved, but the acute apex and the shape 
of the leaf would seem to place it with 11. fissus. 

H. Holodiscus argenteus (L.f.) Maxim., Acta Hort. Petrop. 6: 254.1879. 

Slender shrub 1-5 m. high, branches drooping, often dependent, ribbed, 
older bark reddish-brown to dark gray, exfoliating, young twigs angled, 
gray-brown to tan, with a short, dense pubescence, often villous, internodes 
about half the length of the leaf, leaves in dense fascicles; leaf-blades ob- 
lanceolate to obovate, narrow cuneate at the base, decurrent on the petiole, 
the apex denticulate, rounded to round-obtuse, the lower three-fourths of 
the blade entire, the upper fourth denticulate, the teeth ending in a sharp, 
frequently bent mncro, 3—4 on each side, the leaf-blades glabrous to densely 
white-silkv above, white-silky beneath, 1.5—3 cm. long, 0.5—1.5 cm. wide; 
petioles 1-3 mm. long; inflorescence sparse, spreading, usually narrow, 
densely villous-pubescent, 5-14 cm. long, 3-10 cm. wide; pedicels 2-3 mm. 
long, with 3 bracts, these lanceolate to broadly lanceolate, 1-3 mm. long; 
sepals broadly triangular-ovate with acute apex, 1.5-2 mm. long; petals oval 
to orbicular with a thick row of short, silky hairs along the back median line, 
extending to top of petal, more often with scattered pubescence on back, 
2-3 mm. long; stamens as long as sepals; carpels villous, 2 mm. long; styles 
1 mm. long, achenes often slightly curved on upper surface with a very 
convex lower surface. 

Illustration: Figure 3. 
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KEY TO VARIETIES 

Leaf-blades pubescent above. 

Leaf-blades equally white-silky above and beneath. 

Sepals with long dense pubescence. Colombia . 8a. 77. argon tens var. typicus . 

Sepals with short matted pubescence. Chiapas, Mexico 8b. argentus var. Matudai. 
Leaf-blades with a very short pubescence above. Oaxaca, Mexico. 

8c. 77. argon tons var. velutinus. 

Leaf-blades glabrous to glabreseent above. Chimaltenango (Guatemala) and 

Costa Rica ' 8d. 77. argonions var. alpestris. 

8a. H. argenteus var. typicus Ley, var. nov. 

Spiraea argentea L. f. Suppl. 261. 1781; Holodiscus ar genie us Maxim. Acta Hort. 
Petrop. 6: 254. 1879; Schizonotus argenteus Kuntze, Rev. Gen. 1: 225. 1891; Sericolheea 
argentea Rydb., N. Am. FI. 22: 266. 1908; Schizonotus argenteus var. Mutisianus O. 
Kuntze, Rev. Gen. 1: 226. 1891. 

Leaf-blades densely white-silky above and beneath; inflorescence 5-11 
cm. long, 1-8 cm. wide, the pedicels with narrow lanceolate bracts, these 2-3 
mm. long, rarely 1 mm. wide; petals with long, silky hairs along back of 
median line; sepals extremely villous with many long hairs. 

Type collected by Mutis in Colombia, given ns New Granada. Range, Colombia. 
Material seen: Colombia—Santander: Killip & Smith 18477, 18179, 17254, 17180, 17810 , 
18576, 15795 (NY, US). BoyacA: Cuatrecasas 1181 , 1899 (US). OuNDlNAMARCA : Fennell 
2095 (NY, US), Cuatrecasas 5416 (ITS), Holton 939 (NY), Truma 1215 (NY, US), 
Andre 1c 1006 (NY), Schultzc 31 (US), Andre 1c 1007 (NY). 

8b. H. argenteus var. Matudai Ley, var. nov. 

Laminae foliorum in superficie superiore dense albido-sericeae, inferiore 
sericeae et villosae; inflorescentia parva, 3.5 cm. longa, 2 cm. lata; pedicellis 
cum bracteis lanceolatis, usque ad 2 mm. longis; pctalis externe pubes- 
centibus, sepalis cum pubescentia breve et densa. 

Type: Mt. Tacand, Chiapas, Mexico, Matuda 2303 (NY; isotypes, MICII). Known 
only from the type collection. 

8c. H. argenteus var. velutinus (Rydb.) Ley, comb. nov. 

Sericolheea vetuhna Rydb. N. Am. FI. 22: 265, 1908; Holodiscus velutinus Standley, 
Pub. Field Mus. Bot. 4: 210. 1929. 

Leaf-blades with a very short, usually dense pubescence above, velvety; 
inflorescence over 7 cm. long, the pedicels with wide bracts, these broadly 

Explanation of figures 1-11 

Leaf shapes of the various species of Holodiscus. No shading nor pubescence is 
indicated. All drawings are made on the same scale; the length given includes blade and 
petiole. Fig. 1. II. microphyllus. Leaf 1.7 cm. long; Duran 3104. Fig. 2. 77. orizabae. 
Leaf 2.9 cm. lopg; Liebmann 1670. Fig. 3. H. argenteus. Leaf 2.3 cm. long; Killip and 
Smith 17254. Fig. 4. 77. dumosus var. australis. Leaf 3.7 cm. long; Wolf 2842. Fig. 5. 
H.dumosus var. typicus. Leaf 2.1 cm. long; Osterhout 2121. Fig. 6. 77. Boursieri, Leaf 
2.15 cm. long; Greene 1431, Fig. 7. H. pachydiscus . Leaf 2.8 cm, long; Bourgeau 267. 
Fig. 8. H. discolor var typicus. Leaf 7.1 cm. long; Thompson 9818. Fig. 9. 77. discolor 
var. franciscanus. Leaf 4 cm. long; Santa Cruz Mts., San Mateo Co., Bond in 1928 (POM). 
Fig. 10. H. discolor var. delnortensis. Leaf 3.2 cm. long; Parks 24019. Fig. 11. II. fissus. 
Leaf 8.4 cm. long; Heyde and Lux 3034. 
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lanceolate and with acute apex, often 4 mm. long, 1 mm. wide; silky pubes¬ 
cence scattered over back of petal. 

Type: Sierra de San Felipe, Oaxaca, Mexico, Smith 821 (NY; isotype, US). Known 
only from the type locality. Oiher material seen: Mexico—Oaxaca : Nelson 1085 (US). 

Although this variety differs from var. typicus in lacking the silky ap¬ 
pearance above, it does not seem to be sufficiently distinct to be made a sepa¬ 
rate species as Rydberg (op. cit.) does. The leaf size and shape, and the 
inflorescence are very like var. typicus. 

8d. H. argenteus var. alpestris (Kuntze) Ley, comb. nov. 

Schizonotns argenteus var. alpestris Kuntze, Rev. Gen. 1: 226. 1891. 

Leaf-blades glabrous above; inflorescence 5-11 cm. long, 3-8 cm. wide, 
the pedicels with wide, lanceolate bracts, these 2-3 mm. long, up to 1 mm. 
wide; silky pubescence scattered over back of petal, particularly along 
veins. 

Type locality, Irazu, Costa Rica, 3300 m. Range, Dept. Cliimaltenango, Guatemala, 
and Costa Rica. Material seen: Guatemala — Chimaltenango: St an die if 61812 (NY), 
Skulch 430 (MICH, US), Skutch 07 (ITS), Seler 2361 (NY, POM, ITS). Costa Rica— 
Cartago: Herbarium of 0. Kuntze 2358 (NY), Pittier & Durand 187 (ITS), Orsted 1668 
(NY, ITS), Pittier 14101 (ITS), Niederlem (JTS), Stork 345 (US), Howler 3' Stork Oil 
(NY, ITS). San Jostf : Standley & Valerio 43555 , 43062 (ITS). One specimen—plains near 
Tecp&m, Dept. Chimaltenango, Guatemala, Skutch 544 (ITS)- has an acute apex and 
conspicuous teeth, resembling H. fissus; however the small size and villous condition be¬ 
neath would indicate it to be var. alpestris. 

UNCERTAIN SPECIES 

Spiraea mcxicana Schiede, ined. 1835; Regel, Ind. Sem. Hurt. Petrop. 
1857: 58. 1858. (Schizonotns argenteus var. mexicanus Kuntze, Rev. Gen. 
1: 226. 1891). The type of this species was not available, and the description 
is so short as to be of no aid in determining status. The country is given as 
unknown, but it would evidently be Mexican. Kuntze (l.c.) places the var. 
mexicanus in his key near to Schizonotns argenteus var. fissus. He does not 
cite specimens and consequently it is not known whether this specimen was 
accessible to him. Schneider (Handb. Laubh. 1: 497. 1905) in his treatment 
of the genus cites this species as a synonym of H. fissus. 

The following varietal names proposed by O. Kuntze, Rev. Gen. 1: 225-6 
(1891), in a key but without sufficient descriptions and without citation of 
specimens, are uncertain: Schizonotns argenteus var. angustissimus , may be 
H. orizahae; S. argenteus var. griseus, may be II. tlumosus var. Schaffneri; 
S. argenteus var. intermedins, may be H. pachydiscus. Mexican and South 
American specimens were studied from both the United States National 
Herbarium and the New York Botanical Garden. None of this material could 
be identified as that upon which 0. Kuntze based the above varieties. The 
Field Museum contained no material of Holodiscus collected by Kuntze. 
Since these three institutions are the only ones in this country known by me 
to have specimens of Kuntze\s, it has been impossible to determine in which 
species Kuntze*s varieties should be placed. 

Pomona College 

Claremont, California 
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THE SECTION SEDASTRUM OF SEDUM 1 

Robert T. Clausen 

Scdastrum was first described as a genus by Rose in 1905 (N. Am. Flora 
22(1): 58). As basis for the generic, status distinct from Srdum, Rose cited 
the dense basal rosettes of leaves, the numerous stems dying down to the 
base after flowering, the more or less paniculate inflorescences and the erect 
carpels concave under the scales. Berger (in Engl. & Prantl, Nat. Pfl. ed. 2. 
18a: 445. 1980) reduced the genus to the status of a section of Srdum, men¬ 
tioning as characteristics the details already indicated by Rose, also the more 
or less fleshy, thickened rootstocks. Froderstrom 2 designated Scdastrum as 
Croup 10 of his Section Americana Orthocarpia. As diagnostic character¬ 
istics, he mentioned the usually pubescent, dense. Sew pervi r urn-like basal 
rosettes, the paniculate inflorescences and the very thin, usually wavy petals. 

The floral structure of Scdastrum seems sufficiently similar to the con¬ 
dition in Srdum to justify the continuance of this group of species in sub¬ 
generic rank rather than as a full genus. The vegetative characteristics 
which seem most important are the dense rosettes of leaves at the bases of 
the stems, the habit of the fertile shoots dying back to the base after flower¬ 
ing, and the thick rootstocks. The concavity of the carpels behind the scales, 
originally pointed out by Rose, perhaps is also important. As now under¬ 
stood, there are six species, all of which occur in Mexico, ranging from 
southern Coahuila to central Oaxaca. 

The characters available for separating species of Srdastrum are mostly 
afforded by the vegetative structures—the habit of the plants, shape of 
leaves and pubescence. The flowers seem to be rather similar throughout the 
section, although the inflorescences vary considerably. The interpretation 
presented here is based largely on the examination of herbarium specimens, 
supplemented by study and observation of fresh plants, in cultivation, of 
four of the species. The present paper is not a final pronouncement on 
Srdastrum , but merely presents a summary of some of the available infor¬ 
mation and explains various names which 1 have used in identifying speci¬ 
mens. Before a final account of this section is possible, much more collecting 
and observation must be done in Mexico and careful cvtological and geneti- 
cal studies must be made. 

The center of distribution for Scdastrum seems to be central Mexico, the 
area in which the largest number of species occurs. Differentiation seems to 

^ Studies in the Crassnlaceae—TV. 

2 Frbderstrom, Harold. 1935. Group 10. Scdastrum. In: The genus Srdum, Part IV. 
Aeta Hort. Got. 10(Appendix): 72-79. pi. 
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have developed from this center, but available data are insufficient at pres¬ 
ent to warrant speculation on the topic of phytogeny within the section. 

In the following account, names of herbaria are abbreviated as: BH, 
Bailey Hortorium, Cornell University; CU, Department of Botany, Cornell 
University; NY, New York Botanical Garden; Pom, Pomona College; and 
US, United States National Herbarium. 

KEY TO THE SPECIES OF SECTION SEDASTRUM 

A. Flowering steins erect (sometimes short decumbent); plants glabrous 
or hairy B 

B. Plants glabrous or hairy, but never densely pubescent. 

C. Leaves oblong, ovate or cordate T) 

D. Plants large, ranging in height from 30-58 cm.; branches 
of inflorescence 2-30 cm. long 1. 8. ehravtcaUm 

DT). Plants smaller, ranging in height from 15-30 cm. E 

E. Leaves thick, glabrous; carpels glandular 2. 8. tjI(thrum 

EE. Leaves thin, somewhat hairy ; carpels smooth 3. S. chapalcnsc 
CC. Leaves narrowly linear or oblanceolatc 6. S. JJcmshyavmn 

BB. Plants densely pubescent 4. S. Hnifomi 

AA. Flowering stems procumbent or prostrate (sometimes hanging) 5. 8. in errturn 

1. Sedum E13RACTEATUM A.P. DC. in Mem. suT* la Pam. des Crassulacces, 
37. pi. 6‘, fig. B. 1828. In the original diagnosis, the stem was described as 
tortuous and creeping at the base, with the flower-bearing part erect and the 
leaves glabrous. The figure shows a completely glabrous plant with thick 
fleshy oblong or ovate blunt leaves and with a much branched, paniculate 
cyme. A definite type locality was not designated. Both description and fig¬ 
ure were obtained from Mocino’s unpublished Flore du Mesiquv. Saunders 
(Ref. Bot. 4: pi. 221. 1871) published a colored plate of this species with the 
basal leaves obovate, pale green and glabrous; and the stems glabrous. No 
pubescence appears in the colored plate except that the sepals seem to be 
ciliate. Hemslev (Diag. PI. Nov. 1: 11. 1878) redefined the species, appar¬ 
ently basing his conclusions on a cultivated plant in the herbarium at Kew. 
He stated that the species was poorly described by Saunders, but Saunders' 
description seems to check reasonably well with that of De Candolle. Hems- 
ley described the leaves as oblong and white-pubescent and the cymes as 
spreading, also he wrote that the flowering branches are erect. Probably 
Hemslev had a specimen of a pubescent phase of the species, not an exact- 
match for the plant illustrated by De Candolle. 

Seda strum ebracteatum (DC.) Rose, N. Am. PI. 22: 59. 1905. 

Sedastrum rubricaule Rose, N. Am. PI. 22: 59. 1905. Based on plants col¬ 
lected by Dr. E. Palmer near Concepcion del Oro, State of Zacatecas, Mexico, 
Nov. 22,1902 (No. 286). I have seen specimens from this collection. They are 
similar to the specimen figured by De Candolle. Like the type of the species 
they are almost glabrous and not to be regarded as varietally distinct on 
•this basis. 

Sedum rubricaule (Rose) Praeger, Jour. Roy. Hort. Soc. 46: 132. 1921. 

Sedum barrancae M. E. Jones, Contr. West. Bot. 18: 37. 1935.-1 have 
seen the type, which is No. 191717 in the herbarium of Pomona College. It 
is the collection of M. E. Jones, No. 27845, Nov. 17, 1935, from wet loose soil 
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under cliffs at La Barranea, Guadaljara, Mexico, Jones did not mention how 
to distinguish his species 8. barranca? from S. cbractcatum , 8. rncertum or 
any other species of Sedum. 

Sledum cbractcatum var. rubricate (Rose) Froderstrom, Act. Hort. Bot. 
10(Append.): 73. 1935. 

Tufted perennial with stems rigidly erect or short decumbent, 30-58 cm. 
high, glabrous or puberulent towards bases; rootstock fleshy-thickened, with 
fibrous roots and one or several dense rosettes of fleshy yellow-green leaves, 
obovate to ovate-elliptical, and either hairy or smooth ; flowering stems green 
speckled with purple upwards, 8-10 mm. thick at base, 4-7 mm. thick just 
below inflorescence; cauline leaves oblong, oblong-lanceolate, elliptical or 
ovoid, blunt or acute, often clasping at base, 0.5-3.8 cm. long, 0.5-1.0 cm. 
wide, mostly reflexed and withered at time of flowering; inflorescence a lax, 
spreading paniculate cyme, with the branches 2-30 cm. long; flowers sessile, 
5-merous; sepals green, oblong-ovate, obtuse, 2-3 mm. long, unequal; petals 
wdiite with green median stripe dorsallv, spreading or recurved, broadly 
oblong-ovate, 5-0 mm. long, united below; stamens 3-4 mm. long with fila¬ 
ments white and anthers pink; scales nearly square, about 1 mm.; carpels 
greenish, 4-6 mm. long, connate at base, with styles divaricate. 

8. cbractcatum occurs under and about cliffs in central Mexico in the 
States of Hidalgo, Jalisco, Zacatecas and Durango. Specific altitudinal data 
are not available. 

Specimens sent; northernmost—'Concepcion del Oro, State of Zacatecas, 
Edu\ Palmer 286 (NY) ; easternmost—near Dublan, State of Hidalgo, J. N . 
Pose d* Robert II a if 218 (NY) ; westernmost — Guadalajara, State of Jalisco, 
1/. E. Jours 278 'to (Pom); southernmost—same as westernmost; oldest— 
Nov. 22, 1902, Concepcion del Oro, Eihc. Palmer 286. Number of collections 
seen—6. 

Flowering time seems to be November. 

Principal variations are in pubescence and habit. Some plants are gla¬ 
brous, others are very pubescent. Likewise, the flowering stems may be erect 
from the base or procumbent. 

8. cbractcatum is occasionally cultivated in greenhouses in temperate 
regions. Plants from cultivated sources have been correctly named. 

2. Sedum olaimum (Rose) Praeger, Jour. Roy Hort. Soc. 46: 127. 1921. 

Scdastrum (jlabrum Rose, N. Am. Flora 22: 59. Based on plants collected 
by Dr. E. Palmer at Saltillo in the State of Coahuila. 

Perennial with stems erect or very short decumbent, 15-30 cm. high, 
usually glabrous throughout; rootstocks fleshy thickened, bearing one or 
several thick rosettes of fleshy, yellow-green, oblong, acute leaves which are 
convex dorsallv, flat on the ventral face, 0.5-4 cm. long, 0.2-1.8 cm. wide and 
0.2-0.7 cm. thick; flowering stem 2 6 mm. in diam. at base, 0.5-4 mm. in 
diam. just below' inflorescence; cauline leaves oblong, acute, crowded, some¬ 
what ascending at time of flowering, 0.2-2.7 cm. long, 0.1-0.9 cm. wide; inflo¬ 
rescence a paniculate cyme with the branches either ascending or recurved, 
0.5-11 cm. long; floral bracts similar to the leaves, but markedly reduced 
upwards; flowers sessile or almost so; sepals green, oblong-ovate, obtuse, 2-3 
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mm. long; petals white, spreading, oblong-laneeolate, acute, 6 mm. long; 
stamens 4 mm. long; scales almost square, less than 1 mm., carpels greenish, 
5 mm. long, glandular. 

Known to me only from limestone hills near Saltillo, Coaliuila ( E . Pal¬ 
mer 732 and other collections |NY] ; and C. 6. Pringle 10090 [CU]), at an 
elevation of about 1830 m.; and from Santa Maria del Rio, San Luis Potosi, 
E . Palmer (NY). The rosettes of the plants from San Luis Potosi are some¬ 
what hairy. Number of collections seen—5. 

The period of flowering seems to extend from July to September. 

Sedum glabrum is rarely cultivated. Prom the horticultural trade I have 
received it as Sedastrum Palmeri (a manuscript name of Rose, used on her¬ 
barium labels and published in synonymy by Prdderstrom, Acta Hort. Got. 
lO(Appendix): 78. 1935). Plants cultivated at the New York Botanical 
Garden under another of Rose’s manuscript names, S. turgidum (also pub¬ 
lished in synonymy by F rod erst rom, l.c.) are doubtfully to be referred here. 

3. Sedum: chapalense S. Watson, Proc. Am. Acad. 22: 411. 1887. Based 
on a specimen from Chapala, State of Jalisco, Mexico, collected by Dr. E. 
Palmer and preserved at the Gray Herbarium. 

Sedastrum chapalense Rose, N. Am. Flora 22: 59. 1905. 

Perennial from a stout rootstock bearing one or several dense rosettes of 
obovate or ovate, acute, puberulent leaves; flowering stems 10-20 cm. high, 
glabrous, with the leaves ovate, acutish, 0.4-2.0 cm. long, puberulent; inflo¬ 
rescence a paniculate cyme with the branches more or less recurved and the 
sessile flowers densely crowded; sepals oblong-ovate, acutish, 2-3 mm. long, 
green; petals broadly oblong-ovate, acute, contracted towards the base, 5 
mm. long, white; stamens 3-4 mm. long; nectar scales rounded at apex, 
broadest at base, about 0.5 mm. wide and 0.5 mm. long; pistils 5 mm. long, 
greenish, smooth. 

Known at present only from the region of the type locality, Chapala, in 
the State of Jalisco, at an altitude of 1700 m. This species apparently is not 
cultivated. 

When more collections are available, they may prove that S. ebracte- 
atnm, 8. glabrnm and S. chapalense are eonspeeific. Not enough material is 
now' at hand to warrant such lumping, but the differences between these 
several so-called species seem relatively unimportant. 

4. Sedum Hintonii Clausen, sp. nov. Figure 1. Sedum , sectionis Se- 
dastrum , dense pubescens; rhiaoma robusta prostrata, 5 mm. diam., rosulas 
densas ferens; folia rosularum congesta, anguste oblonga vel elliptica, 1.5-5 
cm. longa et, 0.3-1.0 cm. lata, apice obtuso, fulva quaiulo sicca; caules floriferi 
ad 24 cm. alti, foliis lanceolatis, acutis, amplexicaulibus, 10-12 mm. longis, 
4-5 mm.Jatis; inflorescentia cyma paniculata; ad 15 cm. longa, ramis late 
divaricatis; flores sessiles; scpalae 5, ellipticae-ovatae, obtusae, 2.5 mm. 
longae, 1.2 mm. latae; petalae 5, oblongae-lanceolatae, patentes, 4-5 mm. 
longae, 1.5 mm. latae; stamina 10, 2-4 mm. longa; squamae oblongae (fere 
quadratae), 0.3 mm. longae; carpella 5, 4 mm. longa; interius gibbosa, 
breviter connata ad basim, stylis gracilibus; semina rubra, subpyriforma, 
0.7 mm. longa. 
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Perennial herb with prostrate stout rootstock, 5 mm. in diam., bearing 
slender roots and several dense rosettes; stems, leaves, branches of the inflo¬ 
rescence and sepals all densely pubescent with the hairs white, hyaline, 
mottled and somewhat flattened and stiff, to 1.5 mm. long; leaves of the 
rosettes crowded, narrowly oblong or elliptical, 1.5-5 cm. long, 0.3-1.0 cm. 
wide, obtuse at apex, yellowish brown when dried; flowering stems to 24 cm. 
high with the leaves lanceolate, acute, cordate clasping at base, 10-12 mm. 
long, 4-5 mm. wide; inflorescence a paniculate cyme to 15 cm. long with the 
branches widely spreading and the flowers crowded, and sessile, 3-10 on a 
branch; sepals 5, elliptical-ovate, obtuse, 2-2.5 mm. Jong, 1.2 mm. wide; 
petals 5, oblong-lanceolate, spreading, with crisped margins, 4-5 mm., 1.5 
mm. wide; stamens 2-3 mm. long; nectar scales oblong (almost square), 0.3 
mm. long; carpels 5, 4 mm. long, ventrally gibbous, briefly connate at base, 
with the styles slender; seeds red, subpyriform, 0.7 mm. long. Pinzan, 830 
in., Coalcoman, State of Michoacan, April 13,1941, G. B. Hinton et al 15926 
(type PS 1808082). 

This species, known at present only from the type collection, differs from 
the other described Seda strums in the abundant and peculiar pubescence, 
the flowers densely crowded on the branches of the inflorescence and the 
small lanceolate eauline leaves. It is probably nearest to S. chapalense and 
may be derived from that species. I am grateful to Air. C. Y r . Morton, of the 
United States National Herbarium, for bringing to my attention Hinton’s 
collection of the new species. 

5. Seduai inuertum Hemsley Diag, PI. Nov. 1: 11. 1878. The typo in the 
herbarium at Kew has not been available to me. It is the collection of Hour- 
geau, Xo. //8/, from the Valley of Mexico. The original description seems 
reasonably clear: leaves fleshy, glabrous, broadly ovate or almost round, 
obtuse; flowers sessile in short congested cymes. This description fits rather 
well various specimens from Mexico. 

Snlastrum iucerfnm (Hemsley) Rose, N. Am. FI. 22: 59. 1905. 

Lax perennial with stems procumbent or even hanging, glabrous or 
puberulent towards base; rootstock fleshy thickened, with fibrous roots and 
one or several dense rosettes of lustrous yellow-green fleshy leaves, ovate to 
oblong-elliptical and either glabrous or puberulent; stems 15-38 cm. high, 
3-8 mm. thick at base. 1-3 nun. thick towards top; eauline leaves ovate, 
oblong-ovate, broadly elliptical or orbicular, blunt, often broadly rounded, 
0.5-3.0 cm. long, 0.4^1.7 mm. wide; inflorescence a paniculate cyme with the 
individual branches of a single inflorescence usually less than 4 cm. long 
and bearing 1-6 flowers; flowers sessile, 5-merous; sepals green, oblong-ovate, 
obtuse, 2 mm. long; petals white, often with green median stripe, spreading 
or recurved, broadly oblong-ovate, 4-5 mm. long; stamens 5 mm. long with 
red anthers; scales*subquadrate, about 1 mm.; carpels greenish, 4-5 mm. 
long. 

8. invertum occurs on ledges and cliffs in central Mexico in the State of 
Hidalgo and the Federal District, probably also elsewhere. 

Specimens seen: —northernmost—near Tula, 2068 m., State of Hidalgo, 
C. G. Pringle 8693 (CU, NY); southernmost—cliffs above Guadalupe, Fed¬ 
eral District, 2286 m., C. G. Pringle 8693 1/2 (CU, NY). Number of collec¬ 
tions seen—6. 
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Flowering time seems to be October and November. Cultivated plants, 
received as S. mcertum and S. cbracleatum, flowered at Ithaca, N. Y., in 
December and January. 

6. Sedum Hemsleyanum Rose, Bull. N. Y. Bot. Card. 3: 41. 1903. Based 
on three Mexican collections: F. it viler 322 from Orizaba, C. G. Pringle 
6042 (type) from near Oaxaca City, and E. W. Nelson 2001 from between 
Petlacingo and Acatlan. I have examined representatives of all three col¬ 
lections. 

Seda strum Hemsleyanum Rose, N. Am. FI. 22: 58. 1905. 

Sedastrum Paiuteri Rose, N. Am. FI. 22: 58. 1905. Based on plants col¬ 
lected near Cuernavaca, Mexico, and differing from $. Hemsleyanum pri¬ 
marily in being less pubescent and having oblanceolate cauline leaves. Speci¬ 
mens of the type collection impress me as being very similar to 8. Hemsley¬ 
anum and not specifically distinct. 

Sedastrum packucense C. II. Thompson, in Trans. St. Louis Acad. 20: 
21. pi. 10. 1911. Based on plants collected at Pachuca in August, 1910. The 
illustrations accompanying the original description, depicting this species 
and 8. Hemsleyanum , demonstrate the great similarity between the two. 
Praeger 1 has indicated the differences between them, but these impress me 
as relatively unimportant and not reliable. 

Sedum pa ch license Praeger, Jour. Roy. Hort. Soc. 46: 128. 1921. 

Sedum Paiuteri A. Berger, in Engl. & Prantl, Nat. Pfl. ed. 2. 18a: 445. 
1930. 

Tufted perennial with stems erect or spreading, 10-26 cm. long, glabrous 
or pubescent; rootstock somewhat thickened, with several dense rosettes of 
spatulate, elliptical, or oblanceolate leaves, 0.5-1.0 cm. long, 0.1-0.3 cm. wide, 
blunt; cauline leaves, linear, narrowly elliptical or oblanceolate, usually 
terete or almost so, green or red, 3-20 mm. long, 0.5-4.5 mm. wide, acute or 
obtuse; inflorescence a paniculate cyme, 4-9 cm. long, with the branches 
0.7-2.5 cm. long; sepals ovate-elliptical, acute or obtuse, 1.5-3 mm. long; 
petals white, oblong-lanceolate, 3-4 mm. long; stamens 2 mm. long; scales 
subquadrate, yellowish ; carpels 4-5 mm. long, greenish white, with the styles 
slender to divergent. 

8. Hemsleyanum grows on ledges and rocky banks at elevations of 1250- 
1700 mm. in the States of Hidalgo, Morelos, Oaxaca, Puebla and Vera Cruz. 

Specimens seen :—highest altitude—1700 in., vicinity of Cuernavaca, 
State of Morelos, Dec. 1, 1932, II. Frbderstrbm & E. Hulten 636 (NY) ; low¬ 
est altitude—1250-1463 in., between Petlacingo and Acatlan, State of 


Explanation of figure 1 

Fig. 1. Sedum Hintonii. Drawings by Miss Julia Donaldson from the typo collection. 
A. Habit sketch (x0.7). B. Flower from above (\2.25). C. Flower from side (v2.25). 
D. Petal and two stamens (x 3.5). TO. Carpels (x3.5). F. Single carpel ( v 4.5). G. Nectar 
scale (x 7). H. Seeds (x 7). 


3 Praeger, E. L. 1921. An account of the genus Sedum as found in cultivation. Jour. 
Roy. Hort. Hoc. 46: 1-314. 
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Puebla, Nov. 20, 1894, E . If. Nelson 2001 (NY); northernmost—Pa.ehuca, 
Hidalgo, the specimens described as Sedastrum pachucense; easternmost— 
Orizaba, Aug., 1853, F. Muller (NY); westernmost—same as lowest alti¬ 
tude; southernmost—near Oaxaca, State of Oaxaca, Nov. 12, 1894, C. G. 
Pringle 6042 (NY); oldest—1853, Orizaba, F. Muller. Number of collections 
seen—12. 

Flowering time, as determined from data with herbarium specimens, 
extends from September to December. Plants in cultivation in eastern United 
States usually flower in December and January. 

8. Hcmsleyanum differs in the degree of pubescence, the amount of red 
pigmentation and the relative acuteness or bluntness of the cauline leaves. 
Not enough specimens are yet available to demonstrate the degree of signifi¬ 
cance of these variations. 

SUMMARY 

Sedastrum is maintained as a section of Scdum. Six species are recog¬ 
nized, one of which, S. Hintonii from the State of Michoacan, is described 
as new. Four species, previously described, are relegated to synonymy. 

Department of Botany, Cornell University 
Ithaca, New York 
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A PRELIMINARY INVESTIGATION OF THE NORTH 
AMERICAN CANES (ARUNDINARIA) 

Cl! ARISES L. ( i ILLY 

During the course of certain recent routine identifications, the problem 
of specific delimitation within the native canes of North America was again 
brought to my attention. 1 When the specimens in question were determined 
by means of the available keys to the genus there seemed to be scant question 
of their identity, for the differences given between Antndinaria itcfa and 
-1. giyauica (A. macrospcrma) 2 seemed adequate for differentiation between 
the two species therein recognized. However, a subsequent comparison with 
material in the herbarium raised the question whether the differences given 
in the keys were really fundamental. From the preliminary examination of 
tin* available material it seemed that it would be advisable to make a further 
study in an attempt to ascertain if there might be differences, other than 
those of growth-habit, which could be used to separate unit-entities within 
the North American Ant ndinaria population. 

A review of the literature on the native canes revealed that Brown lias 
questioned the advisability of using the habitat differences for specific delimi¬ 
tation.'' Fpon the basis of a study of material from Louisiana, lie decided 
that only one aperies was present in that state; that it exhibited, tinder vari¬ 
ous conditions of growth, the two habitat forms considered as typical of the 
two species (or species and variety) usually recognized. My study of the 
specimens available in the herbarium of the New York Botanical Garden 
supports Brown’s contention so far as the Mississippi Valley and certain 
adjacent regions are concerned. However, an examination of specimens from 
the Atlantic Coastal Plain of Virginia and North Carolina leads mo to believe 
that Brown was not justified in further assuming, on the basis of material 
from only one portion of the total distributional range, that all populations 
of Annuhnana in North America are to be included in a single species. It 
should be noted that Brown, like most others who have worked with North 
American Ar a ndinaria, apparently did not consider the structural eluirac- 


i “North America ” ns used throughout this paper excludes Mexico; the species of 
Arunriinana in that country and throughout Central America do not appear to he directly 
concerned in the present proldim. 

-The names A. trelo (Walt.) Muhl. and A. fugantva (Walt.) Chapin, are used for 
the two species recognized l»v Hitchcock (Hitchcock, A, S. 1935. Manual of the grasses 
of the United States, 29-30, 802-803). A. marrospn ma Mielix. is usually regarded as 
synonymous with A. t/ir/anfra , and is used instead of the latter name for the ‘Marge cane” 
of several of the current manuals.* 

•i Brown, 0. A. 1929. Notes on Arinidinaria. Bull. Torrey Club 56: 315-318. 
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ters of the spikelets; at least he makes no mention of these organs, other than 
to specify the manner of their arrangement in inflorescences. 

A consideration of descriptions and keys in the currently available 
manual treatments of Arundinaria , 4 and of the original descriptions of the 
various specific or subspecific entities proposed in the North American seg¬ 
ment of the genus, reveals one very surprising thing. Although the morpho¬ 
logical characters of spikelets and florets are considered as providing the 
fundamental diagnostic characters for the classification of the grasses, these 
characters have almost never been utilized in studies of the native North 
American canes. Britton (1. c.) and Britton and Brown (1. e.) published the 
only American manual treatments in which the spikelets have been con¬ 
sidered much beyond the fact that they are sometimes present on the plants. 
Even here the spikelets w r ere given no real emphasis, and were not used in 
the differentiation of the species recognized by these authors, Ruprecht and 
Munro, European students of the Bambuseae, considered the characters of 
the spikelets in some detail. 5 The former utilized spikelet differences to sepa¬ 
rate varieties of A. tecta , and the latter mentioned certain of these differ¬ 
ences but rejected them on the basis of apparent “intermediates” available 
to him. 

It is pertinent to this discussion to note that the specimens from w r hich 
the illustrations of A. gigantea and A. tecta in Hitchcock’s Manual (1. e., 
figs. 1 and 2) were drawn both came from Virginia (Chase 5880 and 5881). 
Although I have not seen these particular specimens, the illustration of A. 
tecta agrees exceedingly well with a specimen collected in Virginia by Mrs. 
Chase, and widely distributed as Amer. Gr. Nat. Herb. no. 498. The dimen¬ 
sions of the spikelets as illustrated for A. gigantea indicate that they are 
quite similar to those illustrated for A. tecta. When the spikelets of the Chase 
specimen from Virginia w r ere compared with those of Brown 40{8 (the only 
specimen from Louisiana available to me), certain rather striking differ¬ 
ences, which appeared to merit further consideration, were observed. 

4 Britton, N. L. 1901. Manual of the flora of the Northern States and Canada, 185. 
In subsequent editions the treatment of Arundinaria is unchanged. Britton, N. L., Sc 
Brown, A. 1913. An illustrated flora of the Northern United States, Canada and the 
British Possessions, ed. 2. 1: 295. Hitchcock, A. S. 1935. Manual of the grasses of the 
United States, 29, 30. Robinson, B. L. Sc Feraald, M. L. 1908. A handbook of the flower¬ 
ing plants and ferns of the central and northeastern United States and adjacent Canada 
[Grays’ New Manual of Botany, Edition 7], 1-171. Small, J. K. 1933. Manual of the 
Southeastern Flora, 138, 139. 

B Ruprecht, F. J. 1839. Bambuseae. [separate from] Act. Acad. Ones. Petrop. VI. 
5(2): 1-74. pi. 1—18. This was reprinted with different pagination early in the following 
year; the correct citation of this second issue, according to data published by P. L. Ricker 
(Proc. Biol. Soc. Wash. 21: 11-18. 1901.), is as follows: Mem. Acad. St. Petersb. 5(2; 
Sc. Nat. 3): 91-165. pi. 1-18. 1840. Hitchcock (1. c.) has used essentially this last citation 
in the listing of certain Ruprecht names, but has erroneously given the date as of the 
.earlier extract. Munro, Ool. W. 1868. A monograph of the Bambuseae, including descrip¬ 
tions of all species. Trans. Linn. Soc. 26: 1-157. 
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The next step in this preliminary study was to sort all available spikelet- 
bearing specimens of North American Arundinaria into two groups, using 
the spikelet characters of the ('base and the Brown specimens as criteria for 
this sorting. Most of the specimens examined could easily be referred to one 
or the other of the two groups, but a few were apparently intermediate in 
varying degrees; these “intermediates” will be more fully discussed in a later 
paragraph. It was discovered, when the sorting of specimens had been com¬ 
pleted, that those with spikelets similar to those of the Chase specimen were 
almost entirely restricted in distribution to the Atlantic Coastal Plain (see 
map, fig. 1). For subsequent discussion these will be considered as constitut¬ 
ing the athmtic-iype of North American Arundinaria. The specimens with 
spikelets similar to those of the Brown specimen—although they collectively 
occupy a much wider distributional area than the name would imply—will 
be referred to as the mississiptpi-type , because this appears to be the only 
sort of spikelet represented in the cane populations of the Mississippi Val¬ 
ley.These two spikelet types may be characterized as follows: 

Mississippi-type: Spikelets 5-8(-10)-flowered, U.5-5(-7) cm. long; lem¬ 
mas green or greenish, densely pubescent or rarely glabrescent in age, with 
conspicuous transverse thickenings between the nerves, the lower and median 
lemmas 1.5-2.75 cm. long, tapering to an acuminate, long-acuminate, or sub- 
aristate apex; inner glume one-half or slightly less than one-half the length 
of the lemmas, greenish, pubescent, acute at the apex, the median one of the 
several equally prominent nerves reaching the apex; outer glume similar to 
the inner but smaller (figure 2, M1-M4; localities where specimens with this 
sort of spikelets have been collected are indicated on map, fig. 1, as black 
disks). 

Atlantic-type: Spikelets 5-10(-12)-flowered, 2-4 cm. long; lemmas pur¬ 
ple or purplish-tinged, glabrous except for minute marginal dilation toward 
the apex, transverse thickenings not visible between the nerves, the lower 
and median lemmas 0.8-1.5 cm. long, their apices merely acute or somewhat 
rounded; inner glume never more than one-third the length of the lemmas, 
purple or purplish, glabrous except for sparse ciliation at the blunt or trun¬ 
cate and generally erose apex, the mid-nerve rarely reaching the apex and 
the lateral nerves obscure or obsolete; outer glume similar to the inner but 
much smaller or sometimes Jacking (fig. 2, A1-A4; localities where speci¬ 
mens with this sort of spikelets have been collected are indicated on map, 
figure 1, as black triangles). 

From this preliminary study there also appears to be a correlation be¬ 
tween type of spikelet and type of leaf sheath in the specimens which 1 have 
examined where both spikelets and foliage were present. The type of leaf 

« Extensive field studies of the North American cane population may perhaps necessi¬ 
tate a future modification of this statement; on the basis of the specimens available to 
me, there is no evidence of the presence of the atlantic-type west of Biloxi, Mississippi, 
from which locality I have seen an apparently “intermediate” specimen which can be 
considered as allantioid in spikelet tvpe. 
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sheath (fig. 2, M5), which appears to be correlated with mississippi-type 
spikelets, has a densely and conspicuously pubescent exterior-ligule, and the 
clusters of auricular bristles at either side of the apex of the sheath are 
more or less united at the base into a triangular wedge of tissue distinctly 
different in color and texture from the sheath region immediately below. 
The individual bristles are larger in diameter and more coarsely scabrous 
than in the atlantic-type sheath. In this latter type of sheath (fig. 2, A5) the 
groups of bristles are not basally united above the apex of the leaf sheath, 



Fig. 1 . Distribution of Arundinaria, based on specimens in the herbarium of the New 
York Botanical Garden. The inner boundary of the Coastal Plain is approximately indi¬ 
cated by a heavy line. Some of the symbols on the map represent more than one collection 
from the same or closely adjacent localities. Illustrations of the spikelet and leaf sheath 
characters which form the basis of the two types recognized within the genus are presented 
in figure 2. The localities of two collections, mentioned in the text as being vegetatively 
glabrous and having somewhat different leaf sheath characters, are indicated by the 
symbol x. 

and the exterior-ligule is either glabrous or microscopically ciliate. The in¬ 
terior-1 igules of both types are variable, although the mississippi-type ap¬ 
pears to be always more or less pubescent while the atlantic-type is either 
glabrous or sparsely ciliate with bristle-like hairs. The overlapping margin 
of the sheath proper is either glabrous or minutely pubescent in the atlantic- 
type, while in the mississippi-type it is usually coarsely ciliate. 

It is perhaps of more than casual interest to note that in the available 
specimens of South American and Central American Arundinaria and 
Arthrostylidium (a closely-related and perhaps not adequately separable 
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Fi«. 2. Morphological characteristics of the two types of Arundinana in North 
America north of Mexico. A1-A5: the allantic-tj/pe; Ml-Mo: the nussissippi-t t/pe. Por¬ 
tions of the plants illustrated are: 1. spikelets (v 1.5) ; 2. outer glume (\ 6) ; 3. inner 
glume (x 6) ; 4. lemma (x (i) ; o. apex of leaf sheath (x3). Figures A1-A4 were drawn 
from Fernald and Long 6040, from near Crismond, Nansemond Co., Virginia, and figure 
A5 from A. Chase s. n. (Amer, Or. Nat. Herb. no. 500) from the Back Bay section of 
Princess Anne Co., Virginia. Figures M1-M4 were drawn from Bush 198, from Eagle 
Rock, Barry Co., Missouri, and figure M5 from Gat Unger s. n. ( Curtiss ’ X. Am. PI. 
Distrib. no. 35$$) from near Nashville, Tennessee. The range of variability in the degree 
of basal fusion of the auricular bristles from the missixsippi-tgpe leaf sheath is indicated 
in figures M5' (drawn from Demarco 13950 , from Jefferson Co., Arkansas) and M5" 
(drawn from Combs 149 , from near Lake City, Columbia Co., Florida) ; only the basal 
portion of the cluster of auricular bristles is shown in these last two figures. 
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genus of the Western Hemisphere) the leaf-sheath apices and auricular 
bristles are like those of the atlantic-type / while in specimens which I have 
examined from eastern Asia the bristles and sheath-apices are like those of 
the mississippi-typc. It seems safe, here, to postulate that this latter type of 
leaf sheath is characteristic of a Holarctic group of species, the North Amer¬ 
ican segment of which is now disjunct from the Asiatic. The atlantic-type 
of leaf sheath, closely similar in structure to the South American type, is 
indicative of the relationship of this type of Arvndinaria with the South 
American members of the genus. 8 

Specimens apparently intermediate between the atlantic-type and missis- 
sippi-type have already been briefly mentioned. These “intermediates” are 
of several sorts. In some of them, the characters of the two types of spikelets 
are combined in varying degrees. In others where both spikelets and foliage 
are present, some association of atlantic-type spikelets with mississippi-typc 
leaf sheaths (and vice versa) was evident; also a few of the sterile specimens 
examined seemed to combine the characters of both types of leaf sheaths. 
These intermediates are indicated on the accompanying map (fig. 1) by 
either white triangles or circles, dependent upon the degree in which they 
seem to approximate one or the other of the two types. 

A consideration of the accompanying map (fig. 1) reveals that while the 
mississippi-typc is common through the lower Mississippi Valley and on the 
Gulf Coastal Plain, it is also more or less widely distributed through portions 
of the two old land masses of eastern North America—the Ozark area and 
the Appalachian-Cumberland region. The mississippi-typc, therefore, ap¬ 
pears to represent a North American species whose affinities, as already meii- 

7 This is particularly apparent in certain as yet unidentified specimens from Honduras 
( Yunder , Dawson $ Yousc 6085) and Central Brazil (Krukoff 7278) as well as in ma¬ 
terial identified as Arundmaria deflexa E. E. Br. from the summit of Mt. Roraima on the 
British Guiana-Vonezuela-Brazil boundary corner. This latter species, although appar¬ 
ently exhibiting the growth-habit of North American Arundinaria , seems to have spikelets 
approaching those of Arthrosiylidium in flower number. The sheet of A. deflexa (Tate 
47L) in the herbarium of the New York Botanical Garden is sterile, and I know the spike¬ 
lets of this species only from the original description (Brown, N. E. el al. 1901. Report 
on two botanical collections made by Messrs. E. V. McConnell and .T. J. Quelch at Mount 
Roraima in British Guiana. Trans. Linn. Soc. II 6: 1-109). Arthrosiylidium appears to 
represent a further development of several reductionary trends than does Arundmaria; 
these are a decrease in flower number per spikelet, the elimination of sheath bristles in 
some species, and the acquisition of an herbaceous or a liana habit of growth. Various 
workers with the Bambuseae have either included Arthrostyhdium in Arundinaria, or have 
considered it as a closely related genus. Further study of this Caribbean and South Ameri¬ 
can genus may perhaps be essential to the ultimate solution of the problems of the North 
American A rundinaria-Qom\Aex. 

8 For a discussion of a similar relationship in another plant group, a recent paper in 
which the North American species of Gaylussacia are considered should be consulted 
(Camp, W. H. 1941. Studies in the Ericales: A review of the North American Gay- 
lussacieae; with remarks on the origin and migration of the group. Bull. Torrey Club 68: 
531-551). 
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tioned are with the species of eastern Asia. Its present much wider distribu¬ 
tion is almost certainly due to a migration into the Mississippi-einbayment 
and Coastal Plain as these related areas became available for colonization by 
plants.” The atlantie-type, on the other hand, is largely restricted to the At¬ 
lantic Coastal Plain although atlantioid individuals have been collected in 
the eastern segment of the (!uIf Coastal Plain. 

The presence of mississippioid individuals on the Atlantic Coastal Plain 
seems entirely due to a downward and outward migration of this species 
from the Appalachian upland areas. In the northern-part of the distribution 
area of the genus this migration would seem to have been along ancient drain¬ 
age systems. 10 Further south (in South Carolina and Georgia) where missis - 
sippioid individuals occur, this migration is undoubtedly continuing today, 
it is to be expected that in at least some of the Atlantic Coastal Plain locali¬ 
ties where the mississippioid individuals are known, that colonies of the 
mississippi-type may be found; the frequency and extent of these colonies 
will, in part, depend upon the degree to which this type has been genetically 
submerged by the atlantic-type . 

So far as vegetative characters, other than those of the distal portion of 
the leaf sheath, are concerned, T have been unable to find any correlation 
with either type of spikelet—except perhaps as regards leaf shape. Leaf size 
appears to he extremely variable in the series of specimens assigned to both 
the atlantic-type and the mississippi-type . Most individuals of the former 
type, however, seem to have a lanceolate-acuminate leaf blade in contrast to 
the merely acute and narrowly lanceolate-elliptic leaves present in most indi¬ 
viduals of the latter type. 

** Dr. W. TT. Camp informs mo that ho has soon “cane n growing abundantly in parts 
of Kentucky and eastern Tennessee, in both states often on hillsides where the forest 
finer was not too dense. From his description of these areas it is apparent that the habitat 
is similar to that of various of the Arunduuma species in eastern Asia; and, as is well 
known, these areas of the southeastern United States contain numerous species in other 
genera, and families which have cognate forms in eastern Asia. It is therefore likely that 
the populations of the misnisfnppi-tppc, so common along the larger streams and rivers, 
may have been entirely derived from just such hillside populations as those now growing 
neai the heads of the present drainage systems. 

1(1 Although Arunduuma is reported as ranging nortlnvard in the interior as far as 
Highland County, Ohio, and along the coast to New Castle County, Delaware, and Anne 
Arundel County, Maryland, T have seen no specimens from those localities. It is quite 
probable that before the Pleistocene the Mi.s.sissippi-h/jtc had a much more northerly dis¬ 
tribution in the Appalnchian-Cuniberland legion. Evidence which seems to support this 
statement is found in a report of the finding of half masticated portions of plants of ‘ ‘a 
species of Arundo, or Arundinaria, still common in Virginia ’* in the well-preserved 
stomach of a mastodon (Mammal amencanum) whose skeleton w r as discovered in Wythe 
County, Virginia, in 1806 (Hay, 0. P. 1914. The Pleistocene mammals of Iowa. Kept. Iowa 
Geol. Survey 23(1912); in particular, p. 367 of the section dealing with the food of the 
mastodon). Rearrangements in the drainage pattern—these, in part, occurring in pre- 
Pleistocene times—in the region which now includes North Carolina, Virginia, West 
Virginia, Maryland, and Pennsylvania have perhaps prevented subsequent const-ward 
migration of the nusuiuMppi-type in this area. 
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Although piibescence of leaf blades and sheaths appears to be variable in 
individuals of both types, there are a few more or less isolated populations 
which appear to have always been glabrous; this characteristic is best shown 
by two collections made by J. K. Small in Georgia, one on the Yellow River 
in Gwinnett Co. (July 20, 1893), the other in Habersham Co., between 
Toccoa Falls and Tallulah Falls (Sept. 3, 1894). These particular specimens, 
both in their glabrous nature and somewhat different leaf sheath characters, 
are very similar to certain species of Arnndinaria from eastern Asia. 
Whether they represent a disjunct remnant of a species or species-complex 
with a formerly wide Holarctic distribution, or whether these specimens may 
have been collected from naturalized colonies of one of these East Asian spe¬ 
cies, can not be decided on the basis of the evidence at present available to 
me. Further study of the cane populations in these areas will be necessary to 
clear up this particular point. 

Another point, regarding certain Alabama populations of Annul nutria 
described by Harper, also appears to need further investigation. 31 In con¬ 
trast to Brown’s conclusions from a study of Louisiana eanebrakes. Harper-— 
after a study of Alabama populations of Arnndinanw —stated : 4 ‘This genus 
is not very fully understood, partly on account of the scarcity of flowers and 
seeds, and the number of species in North America may be anywhere from 
one to three or four. In Alabama there seem to be two, or possibly three.” 
Although Harper gave few differences between the species except compara¬ 
tive height, culm diameter and frequency of flowering, he definitely recog¬ 
nized two species as present in Alabama. 

A. macros perm a, found “on river banks and in creek swamps, a little 
below high-water mark,” was said to be distributed essentially throughout 
the state except in the Blue Ridge, Piedmont, and Outer Coastal Plain por¬ 
tions of Alabama. A. tecta , which “grows mostly in sandy bogs, wet woods 
and non-alluvial swamps, south of the coal regions,” was listed as occurring 
in the Blue Ridge and Piedmont areas, and as particularly common through 
the Outer Coastal Plain. According to Harper this second species had not 
been found in the northwestern one-fourth of the state. At the end of his 
discussion of A. macrospcrma he remarks: “What may be another species, 
resembling A. macrospcrma except in size (being smaller) and habitat, 
grows on sandstone, shale and limestone cliffs in various parts of the state 
as follows: IB. On limestone-mountain slopes, within a few miles of the 
Tennessee $iver in Jackson, Madison and Marshall Counties. 2B. Bluffs near 
Simpson’s Creek, Cullman County. Cliffs near Warrior River, Walker and 
Tuscaloosa Counties. 3. Near Sylacauga. 11. Hatchetigbee Bluff on Tombig- 

ii Harper, R. M. 1928. Economic Botany of Alabama. Part 2. Catalogue of the trees, 
shrubs and viues of Alabama with their economic properties and local distribution. Geol. 
Survey Alabama, Monograph 9; in particular, pp. 72-77, figs. JX-&0. 
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bee River, Washington ( 1 !ouiit> r . J,lss Although 1 have examined a number of 
specimens collected by Harper in Alabama, there are apparently no ex¬ 
amples of this upland type of Arundinaria in the herbarium of the New 
York Botanical Garden. The habitat, as given by Harper, is strikingly remi¬ 
niscent of that of certain Eastern Asiatic species of the genus. 

Before briefly discussing the nomenclatural aspect of the problem of the 
North American canes, it seems necessary to give some consideration to the 
habital differences which have so long been considered as indicative of spe¬ 
cific distinctness. A ({notation from Mohr 1 * clearly presents these habital 
differences: 

i( Annulinaria, tecta rarely exceeds the height of 12 to 15 feet, and the 
slender culm branched from the base is seldom half an inch in thickness. 
Early in spring, apparently every three or four years, the paniculate flowers 
are produced on naked 14 radical shoots scarcely exceeding 18 inches in 
height, while the tall flowerless canes are sent up every season from the long 
creeping rhizomes. Arundinaria macrospcntui , from 15 to 30 ft. high and 
frequently ail inch and over in diameter, produces the panicles of its flowers 
in the axils of the branches at long and indefinite intervals of time. . . . The 
seedlings [of -1. macrosperma] produce no branches during the first year. 
These simple shoots, which are known as ‘mutton cane’ are tender and sweet 
and afford the best of pasturage.” 

in regard to the habital characteristics and different modes of flower pro¬ 
duction, Brown (1. c., pp. 316 and 317) has made the following observations: 

“Spikelets of Arundinaria were first collected by the writer in March, 
1927, in a canebrake near Baton Rouge, Louisiana (no. ( JS9 ). These were 
From the lower nodes of old canes that had been cut off one or two joints 
above the ground. In November, 1927, a considerable portion of the cane- 
brake in which the above specimens were collected was cleared. During the 
last of March and April, 1928, flowers were again found on the lower nodes 
of the cane stubble. . . . About the first of May there appeared in the same 
field a large number of .somewhat shrubby radical shoots which bore terminal 
panicles, and according to the manuals should be A. tecta. ... In one of the 
places where the cane was found in bloom a drainage ditch had been dug in 
the early part of January, 1928. In this place, flowers were found on both 
radical shoots and on the old canes. On digging up some of the plants, it was 

12 Tin* numerical designations (IB, 2l*», 3, and 11) in the above quotation refer to 
“natural regions” of Alabama as delimited on map 1, page 33, of Harper’s publication. 

i i Mohr, C. 1901. Plant Life of Alabama. Pontr. IT. S. Nat. Herb. 6. pp. 921. Wash¬ 
ington, D. (\ Later in the same year this volume was reprinted with identical pagination 
and issued as a publication of the Geologic Survey of Alabama. The quotation given here 
is from page 103. 

14 By “naked” Mohr evidently meant the absence of leaves with “blades.” The 
available specimens and illustrations of the “ tectont” phase of the cane populations indi¬ 
cate that the culm of the radical shoot is closely covered by overlapping bladeless, or 
essentially bladeless, sheaths. The specific epithet of Walter’s Aranda tecta, on which 
Arundinaria tecta is based, is indicative of this character, for it is derived from the latin 
tecta.s, meaning enclosed or covered. 
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found that some of the radical shoots with flowers (A. tecta ) came from the 
same rootstock as did stalks with lateral spikelets (A. macrosperma) . ... A 
careful examination of several other canebrakes in flower during the spring 
of 1929 has resulted in finding flowering radical shoots attached to the same 
rootstock as the old flowering canes. One collection (no. 2435) was made near 
Erwinville, Louisiana, on the edge of a thicket which had not been cut or 
drained for several years. This suggested that both forms of Arundinaria 
may occur on the same rootstock naturally arid that cutting or some other 
stimulation may not be necessary.” 

Some of the specimens of the mississippi~type which I have examined are 
clearly from the leafless, sheath-covered radical shoots of the growth-form 
commonly called A. tecta. On the basis of the specimens which I have ex¬ 
amined and referred to the atlantic-type , it is apparent that tall canes with 
complexly branched axillary inflorescences and the low radical shoots with 
terminal inflorescences are both present in this segment of Arundinaria as 
well as in the mississippi-type segment. The consecutive collection numbers 
(5880 and 5881) of the Chase specimens from Virginia—previously men¬ 
tioned as being the basis for the Hitchcock manual illustrations of A. 
gigantea and A. tecta —suggests that these two specimens might have been 
collected from a single Virginia canebrake. If so, they would seem to repre¬ 
sent a condition parallel to that observed by Brown in certain Louisiana 
canebrakes. 

Although two distinct types of spikelets are present in the North Amer¬ 
ican Arundinaria populations—and these being representative of unit-enti¬ 
ties which in all probability are worthy of specific rank—a definite applica¬ 
tion of names to these entities is not yet possible because the present concepts 
within the group are based primarily on habital differences. 1 n The final solu¬ 
tion of the nomenclatural phase of the problem must await (1) a more com¬ 
plete understanding of the variability and complexity of populations within 


Jr ’ In future work on the nomenclatural phases of the North American Arundinaria 
problem, it will be necessary to consider (in addition to those already cited in this paper) 
at least the following publications, all of which have been consulted during the preparation 
of this preliminary paper: Camus, E. Gk 1913. Les Bambusoes. 1-215. Chapman, A. W. 
1860. Flora of the {Southern United States; in particular, pp. 561 and 562. Elliott, 8. 
1816-1821. A sketch of the botany of South-(Carolina and Georgia. Vol. 1; in particular, 
pp. 96 and 97. Hitchcock, A. S. 1905. The identification of Walter’s grasses. Hop. Mo. 
Bot. Gard. 16: 31-56. 1908. Types of American grasses; A study of the American spe¬ 

cies of grasses described by Linnaeus, Gronovius, Sloano, Swartz, and Miclmux. Contr. 
TJ. 8. Nat. Herb. 12: 113-158. 1920. The Genera of Grasses of the United States, with 
Special [Reference to the Economic Species. U. S. Dept. Agric. Bull. 772; in particular, 
.pp, 22-24. Michaux, A. 1803. Flora Boreali-Americana. 1: 73-74. Muhlenberg, D. H. 
1817. Descriptio uberior Graminum Plantarum Calamariarum A meric© Septentrionalis 
Indigenarum et Cieurum; in particular, pp. 191 and 192. Nuttall, T. 1818. The genera 
of North American plants, and a catalogue of the species to the year 1817. 1: 39. 1837 

Collections towards a flora of the Territory of Arkansas. Trans. Am. Phil. Soe. II. 5: 139- 
203. Walter, T. 1788. Flora Caroliniana; in particular, p. 81. 
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the genus, and (2) the reexamination of the Walter and Michaux type speci¬ 
mens, now in European herbaria, to determine whether or not the names 
based on these specimens can be definitely referred to either the atlantic-type 
or the mississippi-type of North American Arundinaria . 

Pending an examination of the existent type specimens, it will be neces¬ 
sary to refer to these two types of Arundinaria by names of some sort. It is 
my suggestion, if the designations atlantic-type and mississippi-type do not 
seem to be adequate for this purpose, that the two oldest names seemingly 
referable on a geographical basis to these two types, be used. The atlantic- 
type , then, could be temporarily referred to as A. gigantca , and the missis- 
nippi-type as A. macrosperma. The name A. tecta —because no specimen of 
Arnndo tecta (on which Arundinaria tecta is based) is in the Walter her¬ 
barium, and because of the presence of “ tectoid’’ phases in both the atlantic- 
type and the mississippi-type —should, for the time being, be considered a 
nomen dubium . l0 

In the event that the Walter specimen of Aranda gigantca proves to be 
in such condition that it can not be surely referred to either the atlantic- or 
the mississippi-type of Arundinaria , 1 would recommend that the varietal 
epithet cohmita of Ruprecht (1. c., p. 22) be raised to specific rank for the 
atlantic-type to which, on the basis of description and accompanying illus¬ 
tration, it is clearly referable. This procedure can, however, be followed only 
if the type specimen of A. macrosperma is definitely determined to be of the 
mississippi-type , 17 Should this specimen prove either to be unidentifiable or 
of the atlantic-type , the only available specific epithet for the missi snip pi¬ 
ty pc populations would be Nuttall's pumila , for there can be no question 
as to which type of Arundinaria Nut tall was considering when he described 
Miegia pumila (1837, 1. e.). However, because of the size connotation, per¬ 
haps it would seem to be somewhat unfortunate if it should be necessary to 
apply this epithet to the predominantly tall canes of the mississippi-type , 18 

According to Hitchcock (1905, 1. <*.) the type of Artnulo gigantca in the Walter 
herbarium (in the British Museum) consists merely of a sterile shoot with two leaves; 
no specimen of Annido Iveta is present in the Walter collection. Also, Hitchcock (1908, 
1. c.) states that the Michaux specimen (in the Museum d’TIistoire Naturellc at Paris) of 
Arundinaria macrosperma is fragmentary and difficult to assign to either of the two spe¬ 
cies; this last statement is almost certainly made on the basis of liabital characters only. 

17 From the wording of the distributional statement accompanying the original de¬ 
scription—■“ HAIi. ad ripas flum. Mississippi: in Carolina, Florida, &e. M (Michaux, 1. c.)— 
it would appear that Michaux collected the type of the species somewhere on the Missis¬ 
sippi Biver. However, Hitchcock (1908, 1. c.) records the data on the label of the type 
specimen as follows: “Gramen altissimum rnmosum a Virginia ad Floridam & in occi- 
dontalibus juxta fluviis ad Tllinoensibus ad ostium Misissipi.” This is suggestive that 
Michaux’s specimen came from somewhere on the Atlantic Coastal Plain. 

18 Actually, the use of this epithet might not he really .so unfortunate. If, as is previ¬ 
ously intimated in this paper, the lowland populations of the Mississippi-tj/pc have been 
derived from the upland types now present at the headwaters of certain of the tributaries 
of the Cumberland-Appalnehian drainage systems, then these coarse canes might well be 
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There perhaps may be some question why I did not borrow and examine 
all of the specimens of Arundinaria available in American herbaria. The 
problem of the North American native canes has been presented in this pre¬ 
liminary manner for several reasons. In the first place, the need for careful 
study—over a period of years—of the complex throughout its entire distri¬ 
butional range, the extent of this area of distribution, and the infrequent 
flowering periods of many populations, makes the problem of delimitation 
of unit-entities in this segment of Arundinaria more than a one-man job. 
Secondly, it is my belief that the herbarium specimens now on file in our mu¬ 
seums are not adequate for the delimitation of entities within the genus. At 
such time as the biology of the group is more thoroughly understood as the 
result of detailed and extensive field studies, the specimens at present avail¬ 
able—-together with those which will be collected in the course of future 
studies—may be utilized in developing the exact distributional patterns of 
this segment of the genus. 19 And, lastly, since no definite application of 
names can be made at the present time—the solution of the nomeuclatural 
phase of the problem outlined in this paper, therefore, being scarcely a pros¬ 
pect of the immediate future—it did not seem advisable at present to ex¬ 
amine more material than that available in the herbarium of the New York 
Botanical Garden. 20 


CONCLUSIONS 

Iii current manual treatments of the North American canes (Annul i- 
naria) two species are generally recognized. The differentiation between these 
species has been made on the relative height of the plants and the manner 
in which the inflorescence is borne. Since there is evidence in the literature 

considered ns only a growth-form modification of the upland cane. As J)r. Camp lots 
pointed out in our personal discussion of this matter, the epithet pumila certainly would 
be applicable to much of the upland mimsisfdppiA ype material which, on the basis of avail¬ 
able evidence, is conspecific with the mifttdttfrippi-type material of the certainly moister and 
more fertile lowland habitats. 

19 Despite the irregular flowering periods of certain populations of cane, flowering 
and fruiting material should be obtained whenever possible. Tn future collections of sterile 
material it is suggested that collectors make an attempt to obtain from a. single plant 
specimens from both tho current season’s growth and the canes of preceding years; it also 
seetns advisable that specimens be taken from at least several plants in a single locality 
in order to determine the degree of variability in each particular area. Moreover, because 
of the known variability of the group on the Atlantic Coastal Plain and the eastern seg¬ 
ment of the Gulf Coastal Plain, mass collections should be made whenever possible in 
these regions. 

20 The only exceptions to this statement have been my examination of a fragment of 
a specimen ( Plymale a. n.) from the only locality in West Virginia in which Arundinaria 
has been collected, and of fragments of two specimens (Wells a. n. and Buell s. ».) from 
North Carolina. These fragments, obtained through the courtesy of Dr. E. L, Core, of 
the University of West Virginia Botany Dept., and Dr. B. W. Wells, of the North Caro¬ 
lina State College Botany Dept.., are now deposited in the herbarium of the New York 
Botanical Garden. 
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that a single plant may produce both types of flowering culms, the conclu¬ 
sion has been reached by some workers that only one species is present in 
North America. 

A preliminary examination of species available to me indicates that two 
types of spikelets, differing in several well-defined characters, are present in 
the North American cane populations. Since the type specimens necessary to 
the solution of the nomenclatural phase of this problem are not at present 
available for study, these two entities have been designated the atlantic-type 
(this one being best developed on the Atlantic Coastal Plain) and the mis - 
sissippi-lypc (this being the only type apparently present in the drainage 
basin of the Mississippi River). Since the characters of the spikelets appear 
to be of fundamental value in the classification of the Gramineae, and since 
both growth-forms are associated with each of the spikelet types, it seems 
evident that the habital characteristics used in most former treatments of the 
group are not to be considered as specifically diagnostic. There is also evi¬ 
dence that certain characters of the leaf sheaths are correlated with the 
spikelet types. On the basis of these leaf sheath characters, the atlantic-iype 
seems to have affinities with the South American members of the group, while 
the mississippi-typc seems more closely related to certain of the Asiatic 
members of the genus. 

Despite the fact that intermediates have apparently been produced in 
certain areas where both the atlantic - and the mississippi-types occur, it is 
maintained in this paper that two specific entities are present in the North 
American populations of Annidimtna. These may be distinguished by char¬ 
acters of the spikelets and leaf sheaths, but not by the habital characters 
generally used in the available treatments of the genus. 

Tiie New York Botanical Garden 
New York 
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WHAT IS THE TRINOMIAL TYPICUS?—I 

Leon Croizat 

In a recent paper (Rhodora 44: 157. 1942), Fosberg reveals that a pro¬ 
posal is being circulated to have the Botanical Congress rule out in due 
course the use of the epithets typicus , genuinus, verus , vericlicits , and the 
like. Under this proposal the place of these classic epithets should be taken 
by the epithet in the binomial. Accordingly, it should be illegitimate or un¬ 
orthodox to publish Planta una var. iypica, the correct form being solely P. 
una var. una. 

Such a proposal is not new. One fundamentally like it was advanced by 
Bolle five years ago (Notizbl. Bot. Gart. Berlin 13: 524. 1937), and three 
years ago Fosberg proposed likewise to amend Art. 30 of the current Rules 
(Am. Jour. Bot. 26: 229. 1939) which is supposed to be responsible for 
noinenclatural difficulties when typicus and its equivalents are being used. 

The recurrent nature of these proposals indicates that the Rules now in 
vigor leave something to be desired and that changes are necessary. My pur¬ 
pose in writing this article is naturally twofold. I intend to analyze the pro¬ 
posal to which Fosberg alludes and that of Bolle in order to determine 
whether the measures sponsored therein are pertinent and efficacious. This 
done, I will briefly state what I believe to be the true nature and function 
of the trinomial typicus. So approached in a spirit of exhaustive discussion 
the subject at hand will yield not only practical and theoretical considera¬ 
tions but a concrete platform for further competent discussion. 

Anyone who intends to modify existing rules, be these rules concerned 
with the sale of milk in the market of Gopher Junction or with the proper 
use of taxonomic names in the halls of a botanical institution, should have 
a clear understanding of three requirements. These requirements are: (1) 
The proposed amendment must be consistent with the rules that already 
exist. This means that the amendment must consider what rules sav and 
avoid conflicting with their broader aspects. More definitely: intended 
changes must be neatly and properly grafted on existing regulations; if 
conflicts arise between the old and new rules, these conflicts must be smoothed 
out, either by suitably modifying the proposal itself or by altering the rules 
that are. Loose ends, contradictions, obscurities are abhorrent to a wise re¬ 
former. (2) In no case shall the remedy be worse than the evil which it in¬ 
tends to cure. Heavy drinking is an unmitigated curse but enforced prohibi¬ 
tion is just as bad, perhaps worse. A would-be reformer must keep in mind 
that any rule is bound to be imperfect and carefully weigh the consequences 
of the changes he sponsors, lest these changes open the door to consequences 
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even less desirable than the existing inconveniences* (3) The proposed reme¬ 
dies must be applied where they do the most good in the most direct manner. 
It is useless to deal in generalities and pious wishes without stating the 
manner of their application to specific cases. 

These three principles are not controversial because they speak the voice 
of common sense. A competent horticulturist does not graft a scion two 
inches thick on a stock an inch wide; a seamstress does not mend a torn spot 
in a black dress with coarse white thread; a physician does not leave a potion 
behind without telling the patient how to take it and when. I restate these 
principles for reasons that will later be apparent to the reader. Whenever 
a subject is involved which is controversial and obscure, if is essential to 
return to fundanu ntals, redefining the major premises of the discussion, 
informing those who seek the light or need it. To build truly we need solid 
foundations, readable blue-prints, and precise formulae. 

In the copy in my hands, the proposal to which Fosberg alludes reads 
in part as follows: 

“Proposal II. Article 30a. Each subsjwcific < yroup , of whatever rank , 
which includes the type of the species , shall he designated by the valid spe¬ 
cific epithet of the species. For nomcnclatural purposes this epithet , when 
used for a subsjwcific group , has no authority and no citation and can not 
he transferred , except as the species to which it is subordinated may he trims - 
firred. Each subspecific group which includes the type of the next higher 
subspecific group but which excludes the type of a species shall be designated 
by the valid subspecific epithet of the next higher group.” 

This proposal is not likely to appeal to the majority of its readers on the 
ground that it is worded in highly technical language. This, however, is not 
in itself a blemish, for it is patent that to deal with technical subjects tech¬ 
nical language must be used. It is too much to hope that everything can 
always be written in colloquial sentences. Obviously, the burden of making 
technical language understandable, and of understanding it, rests evenly 
upon the shoulder of the writer and of the reader. If both the parties to the 
transaction prove incompetent or unwilling, nothing will ever be achieved. 
It is strange that many who object strenuously against technical language 
in the Rules of Nomenclature prove to be good bridge players, having at 
their fingertips a vocabulary staggering to the uninitiated in the game. 

The proposal just stated consists of four main parts which must be dis¬ 
cussed in detail, as follows: 

(1) “Each subspecific group , of whatever rank , which includes the type 
of the species , shall be designated by the valid specific epithet of the 
species. . . ” 

Article 2 of the current; Rules of Nomenclature (Amsterdam, 1035) 
states: “The object of the rules (Art. 10-74) is to put the nomenclature of 
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the past into order and to provide for that of the future. They are always 
retroactive: names or forms of nomenclature contrary to a rule ( illegiti¬ 
mate names or forms) cannot be maintained.” This declaration is imper¬ 
fectly worded, of course, to the extent that it refers to the Articles as 
“rules,” a term which we commonly use in a looser and broader sense. How¬ 
ever, it is perfectly clear that, (a) The Articles are always retroactive; (b) 
Forms and names contrary to an Article cannot be maintained. 

This being the case, the proposal advanced by “Art. 30 a” in the clean- 
cut words quoted above has for its immediate effect to render illegitimate 
any of the tvpic trinomials published after 1753 which does not repeat the 
specific epithet. I believe that this is not the intention of the proponents of 
“Art. 30a,” but good intentions are meaningless in a world in which only 
facts count. Either Art. 2 goes as it reads or “Art. 30 a,” for there is war 
between them. My interest in discussing this proposal will be clear to the 
reader who is told that about one thousand trinomials using typicus or genu - 
inus instead of the specific epithet repeated are contained in Volume 15 of 
De Candolle’s Prodromus (2) which I consult every day. If “Art 30 a” is 
approved and written into the Rules, all these trinomials are turned into 
scrap, scrap of a kind which cannot be used otherwise than as synonymy. 
It stands to reason that “Art. 30 a” runs afoul also of Art. 4 in the current 
Rules which reads: “The essential points in nomenclature are: (1) to aim 
at fixity of names; (2) to avoid or to reject the use of forms and names 
which may cause error or ambiguity or throw .science into confusion. Next 
in importance is the avoidance of all useless creation of names.” It is mani¬ 
fest that “Art. 30 a,” if approved, will upset the trinomials now in use, 
throw science into confusion and foster the creation of thousands of new 
trinomials to replace those which this “Article” would slaughter. Having 
pointed out these results of “Art. 30a” in private conversations, I have 
been told in return that the existing trinomials using typicus , genninus and 
the like should be “quietly ignored.” No objection could be raised against 
their being ignored, quietly or otherwise, if the authors of this “Article” 
would only state how it is possible to elude the precise disposition of Art. 
2 and Art. 4. This, “Art. 30 8i” does not say, which is a capital omission. 

(2) “. . . For nomenclatural purposes this epithet, when used for a 
subspecific group has no authority and no citation. ...” 

The implications of these seventeen words are staggering, for they con¬ 
tain an entirely novel and revolutionary concept of authority and citation, 
a concept which is unenforceable on account of conflict with rock-bottom 
realities. Article 15 in the current Rules states: “The purpose of giving a 
name to a taxonomic group is not to indicate the characters or the history 
of the group, but to supply a means of referring to it.” Article 46 in the 
same Rules reads: “For the indication of the name (unitary, binary, or 
ternary) of a group to be accurate and complete, and in order that the date 
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may be readily verified, it is necessary to cite the author who first published 
the name in question.” This is plain speaking: and common sense. A taxo¬ 
nomic name is a label, no more, no less. If this were not so, names untrue to 
the characters or to the history of the group naturally ought to be changed. 
There would be no end to such changes, of course, because every age under¬ 
stands characters and histories in a different light. It is patent, moreover, 
that the Rules wish to have this label complete, that is, filled with the data 
making it possible to ascertain without doubt and delay its author and ori¬ 
gin. Synonymies were in use long before Linnaeus, and even the oldest 
among them are careful to state the authorities of the names, this statement 
being an essential requirement in any citation. Nor is this all: it is only by 
reference to citations and authorships that priority can be determined. 

The same weakness reappears in the statement just quoted from “Art. 
30a” which is manifest in its opening declaration. This weakness consists 
in the neglect of what the existing Rules say, and in the failure to indicate 
how the proposed reform is to work. Taking “Art. 30 a” at its word, I might 
not write down on paper such citations as: Manihot gracilis Pohl var. genu - 
ina Muell.-Arg. in DC. Prodr. 15(2): 1065. 1866; or: Mallotus orcophilus a 
ochracco-albidus Muell.-Arg. in op. cit., 964; but the fact that I could not 
legitimately write these data would certainly not free me from the duty of 
knowing precisely where and by whom these trinomials have been published. 
In cases involving doubt or possible controversy should I write such copy 
as this: “ Manihot gracilis Pohl var. —I am forbidden by Art. 

30a (now happily in vigor) to use the original trinomial genuina of 
(authorship cannot he given). I propose, consequently, in 
obedience to said Article a new variety gracilis. If somebody is to cite this 
variety, let him understand that Art. 30 a forbids him to reveal that I am 
the author of this name, and that the page and work in which T write this 
cannot be referred to”? Or shall I write this: “ Manihot Tolcdii var. Tolcdii 
. . .. If the reader wishes to know whether I am right in spelling 
Tolcdii instead of Toledi , will he please look (authority and 

citation not to be given under Art. 30 a)”? 

What do the proponents and authors of “Art. 30 a” mean when they 
speak of “ nomcnclatural purposes 19 ? What does it mean that “A subspecific 
group has no authority and no citation 99 1 How is an author to avoid 
“authority and citation ” when he uses a taxonomic name, since such a name 
has definitely been published somewhere by somebody? Even tolerably pre¬ 
cise and sound generalities are void of sense when the means are not given 
to work them against concrete cases; how are we, then, to use vague and 
unsound generalities? 

(3) “. . . For nomcnclatural purposes this epithet . . . can not be 
transferred, except as the species to which it is subordinate may be trans¬ 
ferred. ...” 
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A statement similar to tlie one quoted is contained in the current Art. 
18, this Article being a peculiar compromise between different concepts of 
type. Article 18 reads: “A nomenclatural type is that constituent element 
of a group to which the name of the group is permanently attached, whether 
as an accepted name or as' a synonym.” It is true that Art. 18 declares that 
the nomenclatural type of a species is a specimen, description, or figure, but 
it is none the less true that Art. 18 hardly knows its mind. Witness the Note 
which is an integral part of this Article and says: “The nomenclatural type 
is not necessarily the most typical or representative element of a group; it 
is merely that element with which the name of the group is permanently 
associated.” If, as Art. 18 declares, a specimen is indeed the nomenclatural 
type of a species, the Note in question is straight nonsense. A specimen 
certainly is the “most typical or representative element” of a Npecies which 
is known from a single collection. To make the point clear: how can Rose 
18658 fail to be the “most typical or representative element” of Tricho- 
cerens peruvianas , when T. peruvianas solely rests upon Rose 186581 As a 
matter of fact, Art. 38 refers in its Note to a nomenclatural type which is 
certainly not a specimen, thus belying its own definition. This Art. 18 does 
because it tries to effect an unsuitable compromise between different con¬ 
cepts of type, confusing as one, (a) a type-circumscription; (b) a type- 
specimen; (c) a biological type. The Note in Art. 18 states in reality that 
the type subdivision (type-trinomial or type-binomial, type-genus or type- 
family) is not necessarily the most typical or representative element of the 
group (speeies, genus, family, or order) in the biological sense. It is merely 
that element to which the name is permanently attached. To exemplify: 
Plant a vna var. typica is not necessarily the most typical or representative 
element of the biological complex understood as P. ana. It is merely the tri¬ 
nomial that cannot be transferred out of P. ana. Clearly, specimens have 
nothing to do with this, nor have descriptions and illustrations. 

Although illuminating and interesting, the history of Art. 18 cannot now 
be told because it is not germane to the subject immediately at hand. Suffice 
it to say that this Article appeases, without effectively compromising, two 
historic concepts of type, the American revolving around type-specimens , 
and the classic European centering around type-names. Readers who may 
be inclined to doubt the existence of these concepts are referred to a good 
authority, Greenmail (Bull. Torrey Club 67; 372. 1940), who is qualified to 
speak by his mature experience with both European and American botanical 
thought and usage. 

Article 18, indirectly and imperfectly, it is true, but none the less effec¬ 
tively takes care of the dictum of “Art. 30 a” when it states that the nomen¬ 
clature] type and the group for which it stands are “permanently attached.” 
Obviously, the attachment being permanent, the nomenclatural type (for 
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instance, Plania una var. typica) and the group for which it stands (P. 
una) cannot be transferred apart, but must be moved together. Article 18, 
as a matter of the record, goes so far as to specify that the permanency of 
the attachment endures even if the nomenelatural type and its group are 
synonyms of other names; which is redundant, as it may not occur to any¬ 
body having any smattering of nomenclature to put P. una in synonymy and 
to treat P. una var. lypica as valid or legitimate. It is patent that “Art. 
30 a” is not needed, but a redefinition of Art. 18 is much to be desired, purg¬ 
ing this Article of the contradictions which make of it a water-logged wreck 
rather than a trim vessel. 

(4) “Each subspecific group which includes the type of the next higher 
subspecific group but which excludes the type of the species shall be desig¬ 
nated by the valid subspecific epithet of the next higher group” 

This declaration has moved me to appreciate at long last the wisdom of 
the saying that the Rules should be let alone to prove themselves for a 
thousand years. Several months of meditation have not cleared in my under¬ 
standing the purposes of “Art. 30 a” in respect to the statement just quoted. 
I am dubious as to my interpretation of it, and only time, long time, will tell 
whether I have succeeded in piercing the veil of Isis and really approached 
the sanctum. Naturally, 1 offer my interpretation of this part of “Art. 30 a” 
for what it is worth, and shall willingly stand corrected if I have failed to 
clutch its vitals. 

1 f 1 read this prose aright, I understand that Plant a quaevis subsp. una , 
which is not the tvpe-subspecies of the binomial, this being P. quaevis subsp. 
quaevis (or typica , genuina , or the like), can have as its typic variety only 
P. quaevis var. una. In other words: the principle would seem to be reaf¬ 
firmed here that P. quaevis shall have as its typic trinomials only subsp. 
quaevis , var. quaevis , and forma quaevis , whereas P. quaevis subsp. una 
shall be followed by such typic trinomials as var. una and forma una. 

If this is the case, “Art. 30 a n displays praiseworthy consistency, its 
standards in this particular respect being higher than those of Art. 18, which 
roundly contradicts itself. However, the very same objection rises here that 
I have invoked before, namely, every trinomial which fails to comply with 
“Art. 30a” is made illegitimate. The point does not need to be elucidated 
and discussed once again. T will emphasize the fact, however, that it is not 
easy to handle chains of trinomials, and that to make this handling twice as 
difficult by enforcing unnecessary shibboleths is hardly an evidence of wis¬ 
dom. The principle that best serves here is, on the contrary, that arbitrary 
shackles must not be provided to hamper individual freedom in cases that 
are in themselves hard to manage. Let things stand as they are, so long as 
it is not absolutely necessary to modify them. Houses of cards are not made 
steadier by tinkering around the corners in order to have all edges running 
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true to perpendicular. Such houses look better in theory when they are 
straightened up, but in practice they fail to the ground. Anybody who 
handles as his daily fare the trinomials of Briquet, Hackel, Ascherson & 
Graebner, Mueller Argoviensis, and such past masters in the use of half¬ 
tones will not feel kindly disposed toward hands that reach out to make the 
game harder than it is. To abstain from reforms which are both unnecessary 
and unwanted is the earmark of a philosopher. 

It seems hardly necessary to discuss the “Argument’’ that bolsters 
“Art. 30a.’* Only two statements in it may be paid cursory attention for 
the sake of a well rounded analysis. Quoth the “Argument” this much: 
“. . . Proposal II does away with the use of such terms as typiea, originalis, 
and the like, all of which have occasionally been misinterpreted as indicating 
the phylogenetic type of the species . . . . Since subspecific groups are not 
included in the Index Kewensis, this proposal simplifies nomenclature^ inves¬ 
tigations in taxonomic work and , since authorities are not cited, it obviates 
cumbersome double citations for many subspecific groups .” 

The fact that typicus, genuinus and the like have been occasionally mis¬ 
interpreted as indicating the phylogenetic type of species, or other things, 
does not prove that these epithets should be blotted out, granted that it were 
possible to do so, which it is not. It merely means that those who abuse these 
trinomials and misunderstand them should be properly instructed by compe¬ 
tent teachers, and forever furnished Articles and Recommendation that are 
well conceived and thoughtfully worded. The fact that a knife cuts one's 
finger when mishandled does not constitute a valid reason why a turkey 
should be torn to pieces by hand instead of being neatly carved with good 
steel. Since the Index Kewensis does not list subspecific epithets, and tri¬ 
nomials are as a rule much harder to trace back than binomials, nothing 
should be done in principle to disturb them without absolute necessity. The 
hope that noinenclatural investigations can be simplified by withholding the 
citations of authorities is most peculiar, for it is only by citing these authori¬ 
ties fully and correctly that nomenclatural investigations can be made 
simpler. It might facilitate my own task not to cite authorities, but this 
certainly will make harder the task of my neighbor. Nor is this all: if my 
neighbor decides to ease his own work by following my lead, it is I who stand 
at the receiving end. Bibliographical work is as much of a burden to a tax¬ 
onomist as answering night calls is to a physician, yet each profession must 
be takep at its face value, putting up with its emoluments and liabilities. 

In conclusion: it is certain that “Art. 30a” is shot through by fallacies 
so glaring that it should be promptly withdrawn from circulation, its sub¬ 
stance being such that it cannot be improved by hopeful manipulations. This 
“Article” violates in a precise and direct manner Art. 2, Art. 4, Art. 15, 
and Art 46 of the Rules now in vigor, a circumstance that its authors ap- 




1943] 


CROIZAT: THE TRINOMIAL TYPICUS 


317 


pear to have overlooked altogether; it advances a new theory of citation 
which is of impossible application; it lays hands upon an Article (Art. 30) 
which, as will be seen, is not at all concerned with the reforms intended; it 
wanders aimlessly to introduce a change in the Rules w T hich can easily be 
effected by a slight addition to Art. 55, which soon will be apparent; to 
achieve a single worth-while purpose, providing for the difficulties arising 
when typicus, genuinm , and the like are transferred, it merely repeats a 
dictum which is already poorly stated in Art. 18. In brief, if the simile may 
be forgiven, this “Article” wrecks a house in order to dig out a penny from 
under a table. That this “Article” is withdrawn without causing further 
doubts and confusion is a legitimate hope, this hope also justifying the 
passing in silence of all other proposals that go w r ith “Art. 30 a,” and are 
not better grounded than it. 

The proposal of Bolle that affects the typie trinomial, although based on 
a misapprehension, cannot be said to be objectionable in its essence. Bolle 
points out in substance that when Acomastylis data var. typica is trans¬ 
ferred to A. Pcckii, the resulting‘new 7 combination must be A. Pcckii var. 
typica. This combination, Bolle further points out, is erroneous because the 
typie variety of A. data is not the typie variety of A. Pcckii . Moved by this 
knowledge, Bolle asks that a Recommendation, not an Article, be written 
into the Rules to discourage the use of typicus , genuinus , and the like, urg¬ 
ing on the contrary that the specific epithet be repeated. Accordingly, if A. 
data var. data is to go under A. Pcckii a new* combination results, A. Pcckii 
var. data, which is satisfactory. 

The misapprehension in Bolle’s thought arises from the fact that a 
Recommendation is neither retroactive nor mandatory. Accordingly, Bolle’s 
proposed Recommendation is powerless to eliminate the inconveniences 
arising from the transfer of typicus and its equivalents, genuinus, vents, 
and the like. This Recommendation is a broken reed, and falls short of wdiat 
Bolle hopes to secure from it. To elucidate the point at issue, let us suppose 
that a taxonomist is faced in 1952 by the problem of transferring Manilwt 
gracilis var. genuina Muell.-Arg. (1866) to M. tenui folia. This taxonomist 
cannot reject the variety, for it is legitimate and must, somehow 7 , transfer 
it in a manner other than by moving genuina under M. tenui folia. If Bolle 
had his w r ish come true, this taxonomist turning to the Rules to learn how 
to act would find therein a Recommendation urging that after 1950, let us 
say, no variety genuina should be published. Naturally, this much would not 
help the inquiring taxonomist in the slightest, for his interest would be to 
learn how 7 to act at the moment, transferring a trinomial genuina legiti¬ 
mately published in 1866. 

It is patent, consequently, that neither by forbidding the use of typicus, 
genuinus, and the like in an* Article nor by discouraging it in a Recommcn- 
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dation can the problem be solved which disturbs the authors of “ Art. 30 a” 
and the sponsors of Boiled 4 * Recommendation .’ f The solution, obviously, 
must be sought elsewhere. To find this solution is most easy. There is an 
Article in the Rules now in vigor which orders that in transferring a sub¬ 
division of a species to another species the earlier legitimate epithet must be 
maintained. This is the Article 1 to be modified because it is the one immedi¬ 
ately concerned with the mutter. 

Article 55 reads: “When a variety or other subdivison of a species is 
transferred, without change of rank, to another genus or species (or placed 
under another generic or specific name for the same genus or species) the 
original subdivisional epithet must be retained or (if it has not been re¬ 
tained) must be re-established, unless one of the following obstacles exists: 
(1) that the resulting ternary combination has been previously and validly 
published for a subdivision based on a different type, even if that subdivision 
is of a different rank; (2) that there is an earlier validly published subdivi¬ 
sional epithet available.” Shorn of technical trappings, this text means that 
the original specific epithet must be shifted without being changed, unless 
the shift creates a later homonym or a synonym. Naturally, this text orders 
that the trinomial typicus , too, be transferred, for it speaks of all subdivi¬ 
sions, without making exception for typicus and its kindred. 

To remedy this situation, therefore, a clause must be added to Art. 55 
which exempts the trinomial typicus, genuinus, and the like from transfers, 
and asks that the first meaningful epithet of higher rank be moved instead. 
This can be done by the following addition to Article 55: “. . . (3) that a 
trinomial epithet typicus , genuinus , verus, veridicus, or the like (of. Ree. 
xviii and Ree. xxxv) is to be transferred. In this case the epithet of the name 
next above in rank other than typicus, genuinus , etc., shall be transferred 
. . . Examples: . . . Acomastylis data var. typica when transferred to A. 
Peckii becomes A. Peckii var. data not A. Peckii var. typica. — -Planta 
quaevis var. typica f. genuina put under Arbor qualis becomes A. qualis var. 
quaevis f. quaevis. — Frutex unicus subsp. quilibet var. originarius moved to 
Caulis magnus is turned into C. magnus subsp. quilibet var. quilibet.” 

This solution is liable to modifications and changes as a matter of course, 
if concrete evidence shows that it must be altered in detail or enlarged to 
take care of special cases. To discuss in full is bound to be constructive, and 
I shall welcome the opportunity to be shown wdiere and how I might have 

1 Article 55 will have to be modified at any event, for it fails to foresee the difficulties 
which arise when the trinomial typicus, genuinus, and the like are transferred in obedience 
to its present dicta. However, the proper place to deal with anything pertaining to types 
is in Section 2 of the Buies, which deals with “The type method.” I refrain from dis¬ 
cussing this Section in full here, because such a discussion would not be wholly germane 
to the subject under present consideration. 
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erred in drawing it up in its present form. It is conceivable that some reader 
knows of examples that have escaped my notice and bear directly upon the 
text here outlined. However, it may be stated that this solution, regardless 
of details, is simple and forcible for two reasons: (1) It directly acts upon 
the Article involved and does not ramble so as to lay hands upon Articles 
that are unrelated with the subject; (2) It takes due account of the fact that 
A. data and A. data var. typica> are both typified by the very same speci¬ 
men. Since, in the last analysis, it is this specimen which must become the 
type-specimen of the new variety under A. Peckii , it is irrelevant that the 
name given to this specimen is drawn from the binomial rather than from 
the trinomial. To elucidate: Wallich , Sirmore d* Kemaon is the type-speci¬ 
men of both A. data and A. elata var. typica, while Peek in herb. Banks . is 
the type-specimen of A. Peckii. When A. elata is brought as a variety under 
A. Peckii , the new combination expressed on the basis of the specimens can 
be stated as follows: Peck in herb. Banks, has for its variety Wallich , Sir- 
mare d* Knnaon. It stands to reason that since the latter specimen typifies 
both .4. data and A. data var. typica , we may use data rather than typica 
as a matter of free choice, without doing violence to the inherent truth of 
the transfer. Naturally, the new combination A. Peckii var. data is satis¬ 
factory. The fact that the authors of ‘‘Art. 30 a” and Bolle failed to discover 
this egg of Columbus seems to be due to lack of familiarity with the Rules, 
and with a less than perfect understanding of the nature of the trinomial 
typicus. 

It is probable that some taxonomists will choose to believe that a modifi¬ 
cation of Art. 55 requires a change also in Art. 58, which—in their under¬ 
standing—is supposed to order that an older valid name is transferred when 
the rank is changed. These taxonomists take it for granted, for instance, that 
when Plant a ana var. fact a becomes a species, the new name must be P. lacta 
comb, now If this interpretation be true, Art. 58 should be modified together 
with Art. 55 to provide for the special case involved by the transfer of typi¬ 
cus ami its equivalents. It is my definite understanding that Art. 58 does not 
require a modification to take care of typicus and like epithets. However, 
a not irrelevant segment of botanical opinion implicitly holds to the oppo¬ 
site view. Naturally, I am bound to state my reasons in order that those who 
believe I am in error may expose the fallacies of which 1 am guilty, if possi¬ 
ble, showing how Art. 58 must be modified in regard to the tvpic trinomial. 

In the Code of Paris of 1867, Art, 58 stated: “Lorsqu* une tribu devient 
famille, qu’un sousgenre on une section devient genre, qu’unc subdivision 
d’espece devient espece, on (pie des ehangements ont lieu dans le sens in¬ 
verse, les noms anciens des groupes subsistent, pourvu qu’il n’en resulte pas 
deux genres du meme nom dans le regne vegetal, deux subdivisions de genre 
ou deux espeees du meme noin dans le meme genre, on deux subdivisions du 
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memo nom dans la meme espece.” (When a tribe becomes a family,.a sub¬ 
genus or a section becomes a genus, a subdivision of a species becomes a spe¬ 
cies or the reverse of these changes take place, the old names are maintained 
so long as the result of this maintenance does not call for a later homonym 
of generic, specific or subspecific rank.) This text is definite to the effect that, 
for instance, Magnolia virginiana var. foetida L. (1753) must become M . 
foetida (L.) Sarg. (1889) as a species, the older epithet ( foetida ) persisting 
in the new combination. In his 4 ‘ Commentaires, ’ ’ Alphonse De Candolle, the 
author of this Article, states as a matter of fact (Lois Nom. Bot. 61. 1867): 
“Les dispositions de ces articles (57, 58) paraitront nouvelles a plusieurs 
botanistes, du moms en ce qui concerne les modifications d’espdce; Elies sont 
cependant utiles pour empecher la multiplication des noiris et aider la 
mcmoire en cas de mutation de place ou de rang. Plusieurs auteurs exacts 
les observent depuis longtemps. ’ y (The rulings in these Articles (57 and 58) 
will strike some botanists as novel, at least so far as they concern the re¬ 
modeling of species. These rulings will serve, however, as checks upon the 
needless publication of new names and will provide useful reminders when 
names change their position and rank. These rulings are already being fol¬ 
lowed by several critical botanists.) 

No one would think of using today the Paris Code of 1867 for the simple 
reason that, despite its fundamental nature and its inherent perfection, in 
it weaknesses and blemishes were revealed. For instance: Art. 56 of this 
Code has been dropped. It stated: “Lorsqu’on divise une espece en deux ou 
plusieurs especes, si Tune des formes a etc plus ancieunement distinguee, le 
nom lui est conserve.” (When a species is remodeled into two, the binomial 
is maintained for that part which has [trinomiallv] been designated first.) 
This dictum was hardly sound, for it could lead to the acceptance of the first 
published trinomial as typic of the binomial; accordingly, Boissier’s Eu¬ 
phorbia Nagleri $ baliensis would have been typified by the trinomial balien - 
sis against Boissier’s own intentions in designating this variety with the 
letter 3 instead of a, the latter being accepted according to good usage as the 
connotation of the typic variety. Clearly, the type-variety of E . Nagleri ,is 
an as yet unpublished trinomial typicus or Nagleri, based upon Nagler in 
herb. Berol., not upon Zollinger 2975, which is the type-specimen of 3 bali- 
ensis. 

Article 58 of the Paris Code has been maintained under the same number 
in the International Rules of Amsterdam (1935). In the English text, this 
Article reads: “When a tribe becomes a family, when a subgenus or section 
becomes a genus, when a subdivision of a species becomes a species, or when 
the reverse of these changes take place, and in general when a group, changes 
its rank, the earliest legitimate name or epithet given to the group in its new 
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rank is valid, unless that name or the resulting association or combination 
is a later homonym (see Art. 60, 61).” 

This Article has been proposed for modifications and it is notoriously 
ambiguous. Its ambiguity, however, is not of the fundamental nature which 
taints Art. 18, but is due to careless editing, a blemish apparent at several 
points in the Rules. This Article clearly consists of two parts, namely: (1) 
“When a tribe becomes a family, when a subgenus or section becomes a 
genus, when a subdivision of a species becomes a species, or when the reverse 
of these changes take place, and in general when a group changes its rank, 
the earliest legitimate name or epithet given to the group in its new rank is 
valid, . . . Examples: The section Campanopsis R. Br. (Prodr. FI. Nov. 
HolL 561: 1810) of the genus Campamda was first raised to generic rank by 
Schrader, and as a genus must be called Wahlenbergia Sehrad. (Cat. Hort. 
Goctt.: 1814), not Campanopsis (R. Br.) 0. Kuntze (Rev. Gen. II, 378: 
1891).—The var. foctida L. (tip. PL ed. 1 . 536 :1753) of Magnolia virginiana , 
when raised to specific rank, must be called Magnolia grandiflora L. (Syst. 
Nat. ed. 10, 1082:1759), not Magnolia foetida (L.) Sarg. (in Gard. and For. 
II, 615: 1889)— Lythrum intermedium Ledeb. (Ind. Hort. Dorp.: 1822), 
when treated as a variety of Lythrum Salicaria L., must be called L. Sali¬ 
caria var. glabrum Ledeb. (FI. Ross. II, 127: 1844), not L. Salicaria var. 
intermedium (Ledeb.) Koehne (in Engl. Bot. Jahrb. I, 327: 1881). In all 
these cases the name or epithet given to the group in its original rank is 
replaced by the first legitimate name or epithet given to it in its new rank.” 

. There is not the slightest possibility of reading this text and its examples 
to mean that the epithet or name given to a group in a rank must be main¬ 
tained in another rank. Campanopsis , foetida , intermedium are the oldest 
names given to a certain entity, yet these names fall against W ahlenbergia , 
grandiflora and glabrum which are later names given to the very same entity 
in a different rank, genus instead of section, species instead of variety, vari¬ 
ety instead of species. Article 58 of the current Rules, consequently, unequiv¬ 
ocally contradicts Art. 58 of the Paris Code of 1867; one says white, the 
other black. 

Article 58 of the current Rules, however, continues after the text just 
quoted as follows, (2) , unless that name or the resulting association 

or combination is a later homonym (see Art. 60, 61).” This ending is abso¬ 
lutely meaningless in view of the text that precedes it. The text that precedes 
it—as it has been seen—flatly rules out new combinations effected to retain 
the older names. Why, then, anything at all should be said here about new 
combinations being possible later homonyms? It is understood that if 
Wahlenbergia , Magnolia grandiflora, and Lythrum Salicaria var. glabrum 
are later homonyms they must go, for this happens to every name in tax¬ 
onomy which is a later homonym, inside and outside the purview of Art. 58. 
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As I have said, this meaningless and confusing addition to Art. 58 is the 
result of careless editing. While the substance of Art. 58 of the Paris Code, 
1867, has been radically altered in the new Art. 58, the one saying black 
where the other said white, the new Art. 58 has been worded in a form that 
befits,—to a very small extent, it is true,—the old Article of the same num¬ 
ber. Careless editing of the kind, leading to endless misinterpretations and 
futile arguments, is in evidence here and there in the Rules and should be 
corrected. What Art 58 of the current Rules actually states is very plain, 
for the meaning of this Article is to be read in five lines of its text and in 
all its examples, the whole ringing as clear and as true as a bell. The ob¬ 
noxious and misleading rump of this Article is one printed line* that hangs 
in the air. This line must go, the sooner the better. Naturally, I do not believe 
that the modification I propose to introduce in Art. 55 has anything to do 
with Art. 58, for the two Articles are not at all germane. One (Art. 55) regu¬ 
lates transfers involving the same rank (subspecies to subspecies, variety to 
variety, form to form and the like); the other (Art. 58) concerns transfers 
effected in a different rank (section to genus, species to variety, variety to 
species), which is a very different matter. To overstress a line of print which 
hangs from the window sill of Art. 58 without rhyme or reason, this in order 
to have two basically sound Articles become confused in their purposes and 
ultimate concepts, is not commendable. A correction, not an “interpreta¬ 
tion” is here in order. 

It is not clear why the reformers of the trinomial typious tilt with Art. 
30, and attempt to plaster it with their manifestoes when this Article lias 
basically nothing to do with typivus. It is peculiar, none the less, that this 
same Article should be widely misunderstood in other directions. 

Article 30 reads as follows: “Two subdivisions of the same species, even 
if they are of different, rank, cannot bear the same subdivision*!! epithet, 
unless they are based on the same type. If the earlier subdivisional name 
(ternary combination) was validly published, the later one is illegitimate 
and must be rejected.” Some authors believe that this Article establishes the 
principle that all trinomials have the same rank, that is, for purposes of 
priority a subspecies is tantamount to a variety or a form, building on this 
belief strange constructions of their own making. Other authors, like the 
sponsors of “Art. 30 a” see in this text obscure meanings that involve the 
typic trinomial. 

The truth is plainly otherwise and to prove it is easy indeed. Let us sup¬ 
pose that Planta una has a subspecies rubra (1900), and that Arbor quaevis 
has a variety rubra (1930), too. Let us next suppose that the var. rubra of 
A. quaevis is transferred under P. una. Effected in the usual manner this 
transfer gives: Planta una subsp. rubra var. rubra . This, Art. 30 states, can- 
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not be done. The reason is simple: anyone who reads this citation under¬ 
stands automatically that the variety is typic of the subspecies because both 
the subspecies and the variety have the same epithet, rubra. This would cer¬ 
tainly not be true if subsp. rubra, for instance, were a hairy plant and var. 
rubra a glabrous one, the type-specimens of the two being: different. To pre¬ 
vent such a confusion from arising, Art. 30 wisely arranges that var. rubra, 
which is later in point of publication, must lose its name when transferred 
under P. una and become, for instance, var. nigra, for the citation then 
reads: P. una subsp. rubra var. nigra, which lends itself to no ambiguity. 
Naturally, if subsp. rubra had been published later than var. rubra , it 
should be the subspecies rather than the variety to change its name. Lastly, 
Art. 30 allows for the case in which var. rubra happens to be the type-sub- 
division of subsp. rubra, making it possible to retain both without alteration. 

This interpretation of Art. 30 might be challenged as overdrawn on the 
strength of one of the examples introduced under the Article which reads: 
“The following is incorrect: Erysimum liwraciifolium subsp. striclum var. 
UmgisUiqunm and E. hicraciifolium subsp. panuouivum var. longtsiliquum — 
a form of nomenclature which allows two varieties bearing the same name 
in the same species,” nothing being stated about the transfers which I have 
chosen to illustrate my interpretation of the Article. This challenge deserves 
an answer, for it is based on the appearance of fact and works to the point. 

Clearly, there should be no reason to forbid the use of var. lonyisiliqunm 
under different subspecies of the same binomial unless for the purpose* of 
avoiding a possible confusion between the two homonymous trinomials in 
question. Aside from thoughtlessness in reading the citations, which is not 
a matter for the Rules to take under consideration unless in the very broad¬ 
est sense, such a confusion might arise in two manners: (1) By the use of an 
abbreviated citation such as is authorized by Art. 28. This use need not be 
indulged in, for Art. 28 merely states: “It is permissible to reduce more 
complicated names to ternary combinations. Examples— . . . Hajrifraga 
Aizoon subforma surculosa Engl, et Ivmsch. is permissible for Sail fra ga 
Aizoon var. fypica subvar. brevifolia forma multicaulis subforma surculosa 
Engl, et Irmsch.” Naturally, no critical taxonomist will take advantage of 
a concession made in the Rules if this leads to ambiguity, because ambiguity 
is forbidden (see Art. 4); (2) By a transfer of trinomials from one species 
to another. Here the danger of confusion is definite, for the older epithet 
is transferred in principle (Art. 55) if the rank remains the same. Tf Art. 30 
were not in the Rules, Art. 55 ought to contain its basic provisions, neverthe¬ 
less. Naturally, to illustrate Art. 30 I have deliberately chosen an example 
that illustrates the necessity of this Article rather than one which shows only 
its desirability. This, I believe, is consistent with general criteria of sound 
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interpretation. It is obvious that Art. 30 was written by a competent student 
of nomenclature basically to take care of a special case. So special is this 
case, as a matter of fact, that Art. 30 is usually not understood, this serving 
as a curious illustration of the danger of feeding the best of fare to guests 
accustomed to coarse stew. Article 30, naturally, has nothing to do with the 
generalities underlying the typic trinomial and even less can it be construed 
to mean that all trinomials have the same rank. It will be seen that Art. 55 
(1), too, vetoes the transfer of a trinomial, regardless of its rank, if this 
trinomial should prove to be a homonym. It is unfortunate that Art. 55 (1) 
is improperly worded, in failing to specify that it refers to trinomials under 
the same species . This, however, is rectified by the general principle con¬ 
tained in Art. 30. 

The Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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the shoot Apices of athrotaxis and taiwania 1 

G. L. Cross 

INTRODUCTION 

It has been demonstrated that the apical meristem in seed plants does 
not consist of a homogeneous aggregation of cells, but that it is differentiated 
into “growth zones” which may be distinguished from each other by dif¬ 
ferences ip cellular size, rate, and plane of cellular division, staining reac¬ 
tion, vacuolation, thickness of cell walls and polarity of growth (Foster 

1941) . The structural and functional relationships of the growth zones in 
species from several major groups of plants, ranging from the Lycopodiales 
to the Monocotyledons, have been studied recently, andf considerable varia¬ 
tion has been reported. Although the various species in a family may possess 
shoot apices with similar fundamental features of cellular organization, 
these features are not always found in the species of other, apparently re¬ 
lated families and, therefore, homology or equivalence of growth zones in 
the various groups is difficult ter determine (Foster 1939a). Further, many 
peijplexing and seemingly inconsistent differences of detail are sometimes 
found when the apices of the various species of a genus are compared care¬ 
fully (Cross 1938, Foster 1939a, Cross and Johnson 1941). And finally, 
although the structural features of the shoot apices of individuals belonging 
to the same species are reasonably constant, variation in cellular pattern is 
often found, and there is good evidence that even a single apex may change 
markedly during, the seasonal development of a shoot (Cross 1943) or in 
relation to the initiation of foliar primordia (Cross and Johnson 1941, Reeve 

1942) . The evolution of the apical meristem in the various groups is a puz¬ 
zling problem which can be solved only when considerable additional infor¬ 
mation is available. 

It seems evident that one step toward the solution of the problem must 
be the acquisition of information concerning the shoot apices of a consider¬ 
able number of species of plants; i.e., specific information concerning: 

(1) the fundamental structural features which are characteristic of the 
apices of representative species belonging to the same taxonomic group; 

(2) the changes of cellular pattern which occur in the apices of individual 
plants during a growing season; and (3) the significance of*the changes in 
cellular pattern with respect to the growth pf the shoot as a whole. Only 
after /such a comprehensive, detailed survey of species has been made will 
it be possible to generalize concerning the relationships of the shoot apices in 
the major taxonomic units. The information should be useful not only to 

i Contribution from the Botanical Laboratory of the University of Oklahoma n.s. 79. 
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students of phytogeny, but to other investigators as well, for it has been 
shown that knowledge of the apical meristem can be used with unique 
effectiveness in studying several phases of shoot morphology (Satina and 
Blakeslee 1941) and in certain fields of experimental genetics (Cross and 
Johnson 1941, Cross 1943). 

In 1939, the writer began a survey of the shoot apices of species from 
each genus in the Taxodiaceae, and to date Taxodium distichum Rich., 
Cryptomeria japonica (L. P.) Don, Cunninghamia lanceolata (Lamb.) 
Hook., Sequoia sempervirens (Lamb.) Endl., and Sequoiadendron gigan- 
teum (Lindl.) Buch. have been studied. Materials for completing the study 
of the family are on hand, with the exception of apices of Glyptostrobus , 
and it is hoped that shoot tips of this little-known genus may be obtained 
from the native habitat in southern China, after the war. 

The earlier invesigations (Cross 1939, 1941, 1942, 1943) indicate that, 
although generic and specific differences do exist, there are basic similarities 
in form and cellular pattern of the shoot apices which may be used to char¬ 
acterize the family. With respect to form, the apices of the investigated 
genera vary from hemispherical in Taxodium and Cryptomei'ia to conical in 
Cunninghamia. The prevailing cellular pattern differs from those reported 
recently for other genera of the Coniferales (Korody 1937). In each species 
of the Taxodiaceae the apical meristem has been found to consist of: (1) a 
single tier of self-perpetuating apical initials, which may divide periclinally 
as well as anticlinally; (2) a protoderm in which the cells divide strictly 
anticlinally except that periclinal divisions may oc.cur rarely in at least one 
species (Cross 1943) ; (3) a variable number of subapical mother cells in 
which divisions occur in diverse planes; (4) a ring or cylinder of peripheral 
meristem; and (5) a core of pith mother cells. The functional relationships 
of these ‘‘growth zones” are reasonably constant in the various species. 
The apical initials constitute the source from which the remainder of the 
shoot apex is derived. Lateral derivatives of the apical initials augment the 
protoderm and basal derivatives become subapical mother cells. Lateral and 
basal derivatives of the subapical mother cells contribute to the peripheral 
meristem and pith mother cells respectively. 

The main differences found when apices of the various species are com¬ 
pared involve: (1) the extent to which periclinal divisions occur in the 
apical initials, and (2) the genetic relationships of the cells of the peripheral 
meristem and the pith mother cells. In most genera the line of demarcation 
between the peripheral meristem and the pith mother cells is reasonably 
sharp, however in certain apices of Cunninghamia the distinctions are 
obscure^and occasionally the cells which occupy the position of pith mother 
cells appear to proliferate laterally toward the peripheral meristem -(Cross 
1942,^fig. 10a). Of course, there are differences in size also; the largest shoot 
ap&x (diameter 220 p) measured thus far was from a strong lateral branch 
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of Sequoia sempervirens, and the smallest (diameter 45 p) was from a weak 
lateral branch of Sequoiadendron giganteum. All measurements were made 
in a plane equidistant from the summit of the apex and the axil of the 
youngest foliar primordium. 

The present study of the shoot apices of Athrotaxis selaginoides Don and 
Taiwania cryptomerioides Hayata is confined to a comparison of the funda¬ 
mental structural features found in these species with the features described 
previously for other species of the Taxodiaeeae. Materials available were 
limited and it was not thought practicable to attempt a study of seasonal 
variations in cellular pattern. 


METHODS 

According to the accounts of Pilger (1926) and Chamberlain (1935), 
Athrotaxis and Taiwania are very restricted in natural distribution. Atkro- 
iaxis apparently occurs only in the mountainous areas of western Tasmania, 
while Taiwania is limited to forested mountains of Formosa and Yunnan. 
The trees have not been planted extensively in the botanical gardens or 
parks of the United States and, as might be expected, materials for study 
were very difficult to obtain. 

However, through the kindness of Professor John T. Buchholz, a limited 
number of shoots of Athrotaxis were obtained from a plant—possibly the 
only living specimen in the United States—growing in a private garden near 
Golden Gate Park, San Francisco. Professor Buchholz had preserved the 
branchlets in formalin-acetic-ethyl alcohol. Grateful acknowledgment is made 
also to Dr. William Hertrich, Curator of the Huntington Botanical Gardens 
at San Marino, California, who supplied a number of fresh shoots of Tai¬ 
wania. These were fixed by the writer under reduced pressure in a mixture 
of 5 per cent commercial formalin and 6 per cent glacial acetic acid, made 
up in 70 per cent ethyl alcohol. 

The materials were processed and the illustrations prepared as described 
in previous papers (Cross 1937, 1939, 1940). Although all of the materials 
were processed in essentially the same manner, the end results were quite 
different, especially so with respect to staining reactions. The cytoplasm in 
the ceils of Athrotaxis stained very lightly (figs. 1, 2) when safranin and 
fast green were applied, but in Taiwania the cytoplasm stained densely, so 
much so as to interfere with satisfactory differentiation (figs. 3-6). Perhaps 
this phenomenon was a result of differences in the degree of activity of the 
meristem of the two genera, or perhaps killing and fixation may have been 
less rapid in the larger apices of Taiwania. Fixation of the cells of Athro¬ 
taxis was generally satisfactory, but considerable plasmolysis occurred in 
those of Taiwania. Perhaps the cytoplasm of Taiwania stained more densely 
because the vacuoles had been*reduced in size by the plasmolyzing action of 
the fixing reagents. 
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GENERAL FEATURES OF THE VEGETATIVE SHOOTS 

Both species are trees; according to Pilger (1926), A . selaginoides 
attains a height of 13-15 meters and is strongly branched, while T . crypto - 
merioides may reach 50 meters and is branchless for about one-half of its 
height. 

The vegetative shoots of Athrotaxis consist of sturdy, rigid axes upon 
which the leaves are born in a loose, spiral arrangement which often appears 
imbricate. The leaves are persistent, leathery, awl-shaped or lanceolate, and 
keeled on the abaxial surface. According to Pilger (1926) the leaves may 
grow to a length of 1 cm., but the basal portions (approximately one-half of 
each leaf) are undiverged from the shoot axis. Bud scales are not found on 
the vegetative shoots, but the leaves which have formed the outer constitu¬ 
ents of dormant buds are usually considerably smaller than the others and, 
therefore, it is easy to determine the limits of the yearly growth-increments. 

The vegetative shoots of Taiwania resemble those of Athrotaxis in that 
they consist of rigid stems and spirally arranged leaves. The leaves from 
the lower portions of a tree or from a young plant (Pilger 1926) are from 
linear to needle-shaped, very stiff and sharp, laterally flattened, and keeled 
on both the abaxial and adaxial surfaces. They may be as long as 15 mm., 
but a broad, basal portion of each leaf is undiverged from the shoot axis. 
Leaves from the upper portions of a tree are much shorter and scale-like. 
They are quite thick and appear triangular when viewed from the upper or 
lower surface. The adaxial keel is usually reduced, and in some instances 
the upper surfaces of the leaves may be slightly concave, with inwardly 
turned tips. Bud scales are not found. 

STRUCTURAL FEATURES OF THE SHOOT APICES 

Although the literature was searched carefully, no reference to the shoot 
apices of either Athrotaxis or Taiwania was found. However, the results of 
this investigation indicate definitely that the apical meristem in each of 
these genera is characterized by the same fundamental features of organiza¬ 
tion that have been described for other representatives of the Taxodiaceae. 
As a matter of fact, the similarities are so marked that detailed descriptions 
of the apices of Athrotaxis and Taiwania will not be necessary—only a brief 
comparative treatment need be given. 

The apices of Athrotaxis are hemispherical and, with respect to form, 
resemble those of Cryptomeria (Cross 1941). They vary in diameter from 
65 to 120 p, measured in a plane equidistant from the shoot tip and the axil 
of the youngest leaf. They rank, therefore, with those of Cryptomeria and 

Explanation of figures 1, 2. 

Fig. 1. Nearly median longisection of shoot apex and foliar prirnordium of Athro- 
taxis. x484. Fig. 2. Nearly median longiscetion of shoot apex and older leaf of Athro¬ 
taxis . Note continuity of protoderm on flank of apex and over the leaf, x 484. 
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the lateral shoots of Sequoiadendron (Cross 1943), among the smallest re¬ 
corded for the Taxodiaceae. On the other hand, the apices of Taiwania are 
conical and appear parabolic in longisection like those of Cunninghamia 
(Cross 1942). They are somewhat more massive, and a range in diameter 
of from 90 to 160 p was found in the twenty-five shoot tips which were mea¬ 
sured. An idea of the variation in size and form may be obtained from a 
careful comparison of figures 1-6. The structural features of the apices of 
the two genera are discussed in the following paragraphs. 

The Apical Initials. The summit of the apical meristem consists of a 
single tier of self-perpetuating apical initials which divide periclinally as 
well as anticlinally and, although 25 apices of each species were examined, 
no indication of a discrete surface layer over the tip of the aj)3eal meristem 
was found (figs. 1, 2, 3-6). Apparently the periclinal and anticlinal divi¬ 
sions occur with approximately equal frequencies, and in this respect the 
apices of Athrotaxis and Taiwania resemble those of Cunninghamia (Cross 
1942). Occasionally an oblique division may produce a triangular apical cell 
(fig. 4) suggestive of those found regularly in the shoot tips of many species 
of leptosporangiate ferns. Doubtless Korschelt’s (1884) report of an apical 
cell in the shoot tips of Taxodium was based upon studies of sections similar 
to the one represented by figure 4. However, it seems evident that this phe¬ 
nomenon occurs infrequently, and the cellular pattern which results is 
transitory. As in other species of the Taxodiaceae, but unlike those of the 
Abietaceae, lateral derivatives of the apical initials differentiate into a proto- 
derm ; the basal derivatives become subapical mother cells. 

The Protoderm. The presence of a protoderm on the flanks and lower 
shoulders of the apical meristem has been demonstrated for each of the 
investigated species of Taxodiaceae. In this layer mitotic figures are almost 
always oriented parallel with the surface of the meristem, and in the apices 
of Athrotaxis and Taiwania the resulting uniseriate layer is clearly de¬ 
limited from the underlying tissue by a thicker, more heavily staining wall 
which can be traced down the flanks of the apical meristem and over the tips 
of the foliar primordia. This feature is usually conspicuous in the apices of 
Athrotaxis (figs. 1, 2), but it may be observed without difficulty in those of 
Taiwania (figs. 3-6). Periclinal divisions in the protoderm have been re¬ 
ported to occur rarely in Sequoia sempervircns (Cross 1943) and in Sciado - 
pitys (Strasburger 1872) on the flanks of the apical meristem, but they have 
not been reported to occur during foliar initiation in any species of the 

Explanation of figures 3, 4. 

Fig. 3. Nearly median longisection of apex of a smaller lateral shoot of Taiwania. 
Note sequence of walls in the apical initials, x 484. Fig. 4. Nearly median longisection 
of apex of a more vigorous shoo*t of Taiwania. Note triangular “apical cell” at the 
summit, x 484. 
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Taxodiaceae. In this respect the apices of the Taxodiaceae contrast sharply 
with those of the Abietaceae (Korody 1937) but are comparable with those of 
Araucaria and Ephedra (Strasburger 1872). 

The Subapical Mother Cells. Subapical mother cells, arising from the 
inner derivatives of the subapical initials, are of common occurrence in the 
Gymnosperms. They exist, at least theoretically in all species which have 
periclinally dividing apical initials, although their delimitation from other 
subterminal growth zones (peripheral meristem and pith mother cells) may 
not always be well marked. In Athrotaxis and Taiwania , as in other genera, 
they are distinguished by their position, their diversity with respect to 
planes of cellular division, and to a lesser extent by their inconspicuous 
vacuolation. Considerable quantitative variation is noticed when individual 
apices are studied. Thus in figure 1 the zone of subapical mother cells is 
limited vertically, and the pith mother cells extend to within a very few 
cell layers of the summit of the axis. In figure 2 this zone has a greater 
vertical extension, and the pith mother cells are differentiated much lower 
in the shoot tip. The reasons for these variations are not understood. 

During the investigation it was noticed that the nuclei in the shoot apices 
of Athrotaxis appear to be smaller than those of Taiwania , although similar 
differences in cellular size were not so apparent. Twenty-five nuclei from 
each genus were measured, using a camera lucida and a card ruler drawn to 
the proper scale, and it was found that the nuclei of Athrotaxis are from 6 
to 7 q in diameter, whereas those of Taiwania are from 9 to 10 q. An equal 
number (25) of major and minor cellular dimensions were also determined 
for the subapical mother cells of each genus. The cells of Athrotaxis aver¬ 
aged approximately 9 x 15 q, those of Taiwania 10 x 15 q. While these mea¬ 
surements are only approximations, they give evidence that the ratio of the 
nuclear volume to cellular volume is somewhat less in Athrotaxis than in 
Taiwania . The photomicrographs also provide evidence for this suggestion. 
A careful statistical study of these features, made by someone to whom 
adequate cytological materials are available, might be worthwhile. 

Lateral derivatives of the subapical mother cells produce the peripheral 
meristem, while basal derivatives differentiate into pith mother cells. 

The Peripheral Meristem. The peripheral meristem is arranged in the 
form of a ring or cylinder which surrounds the pith mother cells. The limits 
between this zone and the subapical mother cells is often vague, especially 
in the smaller apices (figs. 2, 3); however, the cellular divisions in the pe¬ 
ripheral meristem are prevailingly anticlinal, and therefore the derivatives 

Explanation of figures 5, 6. 

Nearly median longisections of the apices of vigorously growing shoots of Taiwania . 
x 484. 



344 


BULLETIN OF THE TORREY CLUB 


[VOL. TO 


are arranged in strata. The number of layers varied from two to three in 
Athrotaxis and from two to four in Taiwania. No unusual developmental 
features were observed. Derivaties of the peripheral meristem become vas¬ 
cular tissue, cortical tissue, and the internal portions of leaves. 

The Pith Mother Cells. The pith mother cells are distinguishable at a 
variable distance (from 3 to 5 cell layers) below the summit of the axis. In 
Athrotaxis they divide once or twice, preponderately in transverse planes, 
thus forming short vertical files of two or three cells. These cells then gradu¬ 
ally enlarge and mature into pith (figs. 1, 2). In Taiwania the behavior is 
similar, although here the files of cells derived from the pith mother cells are 
sometimes longer, occasionally consisting of four or five cells (figs. 4-6). 
Enlargement and maturation of these derivatives into pith proceeds at a 
slower rate than in Athrotaxis, therefore mature pith is usually found at a 
considerably greater distance from the shoot tip. Thus, as in other genera of 
the Taxodiaceae, an extensive rib meristem is not formed. This is a second 
feature which contrasts with the situation reported for certain genera of the 
Abietaceae (Korody 1937), Zamia (Johnson 1939), Cycas and Dioon 
(Foster 1941) and Ginkgo (Foster 1938). 

DISCUSSION 

The shoot apices of representative species of all genera of the Taxo¬ 
diaceae except Sciadopitys and Glyptostrobus have been examined during 
the past three years. In a recent paper (Cross 1943) it has been suggested 
that there are basic structural features which characterize the family, be¬ 
cause in all investigated species the apical meristem consists of apical 
initials, a protoderm, subapieal mother cells, peripheral meristem, and pith 
mother cells. The data obtained from the apices of Athrotaxis and Taiwania 
support this tentative conclusion. 

Self-perpetuating apical initials occur (at least theoretically) in all shoot 
apices. In the more 1 ‘ primitive 9 ’ groups, such as the Lycopodiales, Cyca- 
dales, and Abietaceae, these initials may divide anticlinally, periclinally or 
obliquely (Hartel 1938, Foster 1941, Korody 1937). In the more “ad¬ 
vanced” groups (Angiosperms) only anticlinal divisions occur in the 
majority of cases, although Sharman (1940) has shown that exceptions may 
occur. In the Taxodiaceae the apices of several genera (Taxodium, Crypto - 
meria , and Sequoia) show evidence of a reduction in the relative number of 
periclinal atfd oblique divisions that occur. Whether this indicates an evolu¬ 
tionary trend toward the development of a discrete surface layer (tunica) 
in the family remains to be seen. 

The occurrence of a protoderm appears to be a relatively “advanced” 
characteristic, although it is not unique among gymnospermous genera. 
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This feature does not appear in the apices of the investigated species of 
Lycopodium (Hartel 1938), the Cycadales (Poster 1941, 1943), and the 
Abietaceae (Strasburger 1872, Korody 1937), although it has been reported 
in species of Araucaria (Strasburger 1872) and Ephedra (Strasburger 
1872, Gifford 1943). In the Angiosperms a protoderm occurs prevailingly, 
although in some monocotyledons this layer has the unique feature of divid¬ 
ing periclinally during foliar initiation, and thereby contributes substan¬ 
tially to the interna] portions of the foliage leaves (Rosier 1928, Kliem 
1937). The fact that the surface layer of the shoot apices of the Taxodiaeeae 
consists of a protoderm on the flanks, and diversely dividing apical initials 
at the summit, would indicate that this family represents a condition phylo- 
genetically intermediate between the groups which lack a protoderm (Lyco- 
podiales, Cycadales, and Abietaceae) and those which have an entirely dis¬ 
crete surface layer (most Angiosperms). Of course, this does not mean that 
the family is to be regarded as a “connecting link” between the Gymno- 
sperms and Angiosperms, for admittedly the phylogenetic relationships of 
these two groups are still obscure. But it may mean that, with respect to 
shoot apices, parallel evolutionary processes are occurring. 

Any shoot apex in which the apical initials divide periclinally may be 
interpreted as possessing subapical mother cells, a situation which occurs 
widely in the Gymnosperms. The characteristics of the subapical mother 
cells vary markedly when apices of various species are compared or even 
when apices of the same individual are studied; however, these variations 
are usually of a quantitative nature. The situation is exceedingly complex in 
some of the Cycads, especially in Microcycas (Foster 1943). Here the deriva¬ 
tives of the surface initials are arranged in long files of cells, a portion of 
which differentiates into peripheral meristem and the remainder into deeply 
located “central mother cells.” The significance of the specialized subter¬ 
minal region of the apical meristem of cycads to the evolution of shoot apices 
in seed plants is oi\e of the most puzzling problems associated with shoot 
histogenesis. It has been suggested that a clue to the answer may be obtained 
by comparing the cellular patterns found in some of the more “primitive” 
apices of the Taxodiaeeae, such as Cuunimjhamia (Cross 1942) with those 
of cycad seedlings (Foster 1939b), although much additional work must be 
done before conclusive results can be obtained. Perhaps a knowledge of the 
apices of some of the Angiosperms with growth habits similar to those of 
the cycads would be of aid. In this connection Boke (1941) and Ball (1941) 
have made recent contributions concerning cacti and palms respectively. 

If perielinal divisions do not occur in the apical initials, as is the case in 
most Angiosperms, the subjacent tier of cells may be regarded as subapical 
initials because, under such circumstances they would be self-perpetuating. 
Aside from phylogenetic considerations, the occurrence of subapical initials 
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is of considerable importance to experimental geneticists, especially those 
working on problems involving polyploidy (Satina and Blakeslee 1941)* 

A peripheral meristem is found in the apices of all plants in which 
medullation occurs at a higher level in the axis than the differentiation of 
cortical parenchyma. This growth zone occurs commonly in Gyinnosperms 
and has been reported for certain species of small-leaved dicotyledons, in¬ 
cluding certain cacti (Boke 1941) and Linum (Esau 1942). In most Gymno- 
sperms and dicotyledons, derivatives of this zone produce foliar primordia 
(the internal portions), cortical tissue, and provascular tissue. 

Pith mother cells, of course, are found in all vascular plants in which a 
pith occurs. They arise from initiating regions immediately above in the axis 
(subapical mother cells or subapical initials). The pith mother cells usually 
develop into a rib meristem which may extend vertically for a considerable 
distance as in Ginkgo , various cycads, and some conifers (Poster 1938, 1941, 
Korody 1937) or may be very short as in the Taxodiaceae and some Angio- 
sperms (Esau 1942). 

Prom the above discussion it is clear that the structural features found 
in the shoot apices of the Taxodiaceae are widely distributed among vascular 
plants. The chief interest of the family lies in the fact that here the various 
features may be found combined in a single apex. The most unique single 
characteristic appears to be that the surface layer consists of cells which 
divide diversely at the summit (apical initials) and only anticlinallv (with 
rare exceptions) on the lower shoulders and flanks. However, Sharman’s 
(1940) report of a periclinally dividing cell in the surface layer at the sum¬ 
mit of the apical meristem of Zea minimizes the uniqueness of this feature 
and emphasizes that differences in cellular patterns are often essentially 
quantitative, i.e., contingent upon the frequency with which deviations from 
the expected behavior inevitably occur. Thus the shoot apices of the Taxo¬ 
diaceae differ from those of Angiosperms with respect to only one essential 
feature, viz., the frequency (greater) with which periclinal divisions occur 
in the surface layer at the summit. They differ from the apices of the 
Abietaceae only with respect to the frequency (lesser) with which periclinal 
divisions occur in the surface layer on the flanks of the meristem, and the 
extent (lesser) to which divisions occur in the rib meristem. Thus, from a 
phylogenetic point of view, the “transitional” nature of the apical meristem 
of the Taxodiaceae seems well established. 

4 SUMMARY 

The shoot apices of Athrotaxis are hemispherical and, in longisection, 
resemble those of Cryptomeria. They are among the smallest reported for 
the Taxodiaceae, ranging from 65 to 120 p in diameter in a plane equidistant 
from the shoot tip and the axil of the youngest leaf. The apices of Taiwania 
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are conical, 90 to 160 p in diameter, and reminiscent of those of Cunning - 
hamia . 

The cellular patterns in each genus resemble those of the previously 
investigated genera of the Taxodiaceae, and no unusual features were ob¬ 
served. The apical meristem consists of a single tier of self-perpetuating 
apical initials; a protoderm, derived from lateral derivatives of the apical 
initials; subapical mother cells , derived from basal derivatives of the apical 
initials; peripheral meristem , derived from lateral derivatives of the sub- 
apical mother cells; and pith mother cells , derived from basal derivatives of 
the subapical mother cells. The subterminal growth zones (subapical mother 
cells, peripheral meristem, and pith mother cells) are rather poorly delimited, 
especially in the smaller apices of each genus. 

With respect to the structural features of the surface layer of the apical 
meristem, the genera of the Taxodiaceae are regarded as intermediate be¬ 
tween the more primitive Gymnosperms (Cycadales and Abietaceae) and 
the Angiosperms, although this is probably to be regarded as a case of 
parallel evolution rather than phylogenetic relationship. 

Department of Plant Sciences, University of Oklahoma 
Norman, Oklahoma 
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THE MORPHOLOGY AND ANATOMY OF 
CALOPOGON PULCHELLUS 

Margery C. Carlson 1 

Orchids, particularly the tropical species, have been studied by numerous 
investigators, especially with regard to the breeding of new varieties, the 
germination of the seeds, and the relationship to mycorrhizal fungi, but in 
spite of the importance of their morphology in determining their relationship 
with other seed plants, much work remains to be done. 

Beginning with the investigations of the morphology of orchids by 
Irmisch (13) in 1853, many pieces of work have treated the subject of the 
anatomy of the several organs of orchid plants. These investigations are 
listed in the chronological bibliography presented by Solereder and Meyer 
(17). The observations were collected and extended by them in their chapter 
on the Orchidaceae, from which one can obtain specific information about the 
cell structure, cell contents, and arrangement of cells in leaves, stems, and 
roots of mature plants of hundreds of species of orchids. 

Probably the earliest attempt to treat the anatomy of the mono¬ 
cotyledons comparatively was that of Guillaud (12) in 1878. He presented 
a brief life history of E pi pact is palvstris Crantz. as representative of 
the orchids. Some attention was paid to the orchids by de Bary (2) in his 
“Comparative Anatomy,” but perhaps the best known work in this field is 
that of Arber (1). She summarized the available information on the develop¬ 
ment and structure of the orchids with a view to showing their relationship 
to the other monocotyledons. She pointed out the importance of using knowl¬ 
edge of internal structure as well as knowledge of external form in the 
study of phylogeny, and emphasized the inadequacy of our knowledge of 
the anatomy of the orchids. 

Recently Fuchs and Ziegenspeek (8, 9, 10) made an extensive study of 
the structure and development of terrestrial orchids native to Europe. Be¬ 
cause they were unsuccessful in growing plants from seed, they collected 
their plants in various stages of development in the field. They described 
and diagramed the gross anatomy and developmental story, studied cross and 
longitudinal sections to determine the character and arrangement of the 
tissues, and traced the entrance and penetration of the mycorrhizal fungi. 
They studied plants belonging to the following genera: Orchis , Cypripedium, 
Helleborine , Limodorum , Cephalanthera , List era, Neottia , Ooodyera, 

1 The author wishes to express her thanks to the Boyce Thompson Institute for Plant 
Ttesearch for the us© of its facilities while this work was in progress and for furnishing 
the photomicrographs. 
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Liparis, Achroanthus, Malaxis, Corallorhiza, Epipogon, Spiranthcs, Coelo - 
glossum , Platanthera, Herminium, Oymnadinea, Nigritella, Neottianthe, and 
Ophrys. 

Results of studies on the artificial culturing of orchids may be found 
in the work of Knudson (14, 15), Curtis (7), and Carlson (5). The recent 
work of Burgeff (3, 4) summarizes our knowledge of the germination of 
orchids seeds, the development of seedlings, and the cytology, physiology, 
and classification of the mycorrhizal fungi and their function in the orchid 
plants. It gives directions for isolating and identifying the fungi, and 
for planting seeds and caring for the seedlings, and it contains a good 
bibliography of these phases of the investigations. 

MATERIALS 

Calopogon pulchellus (Sw.) R. Br., the grass pink, was chosen for this 
study because the early stages in its development can be obtained by 
germinating the seeds and because it has not been studied previously. The 
species grows in bogs and wet meadows throughout the United States and 
Canada. Seeds and plants for this study were collected from sphagnum bogs 
near Savner, Wisconsin. 

The seeds were planted on a nutrient medium in culture bottles, as 
described by Knudson (14, 15), Curtis (7), and Carlson (5). Seedlings 
in different stages of development and also parts of older plants collected 
in the field were fixed in a modified solution of formalin-aceto-alcohol, 
consisting of 6 parts of 50 per cent alcohol, 3 parts glacial acetic acid and 1 
part of formalin. Sections were cut 10 or 12 jj in thickness, mounted in 
serial order, and stained with safranin and fast green. Great difficulty was 
encountered in cutting corms whose cells were filled with starch. Fresh 
corms were sectioned free-hand and the sections kept in serial order on the 
slides. In most cases the starch was removed with a dilute solution of sul¬ 
phuric acid and the sections were then preserved on the slide in a 50 per cent 
solution of glycerine in water. 

OBSERVATIONS 

The Seed. The seed (fig. la) consists of a transparent, loose-fitting seed 
coat and an ellipsoidal embryo. The seed averages 0.68 mm. in length and 
0.20 mm. in width, and the embryo averages 0.27 mm. in length and 0.15 mm. 
in width (averages from measurements of 60 seeds). The seed coat is a 
membranous air-filled sac, open at the funicular end where it was broken 
away from the placenta. It consists of a single layer of elongated, empty 
cells whose thickened walls give positive tests for lignin and cellulose with 
the standard methods. The embryo is a mass of undifferentiated parenchy¬ 
matous cells. The cells in the anterior part (toward the chalazal end of the 
seed) are small, with dense cytoplasm and centrally placed nuclei, whereas 
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those of the posterior part are larger and more vacuolated. The embryo is 
not differentiated into epicotyl, hypocotyl, and cotyledon, but the anterior 
part of the embryo becomes a bud and might be considered an epicotyl. The 
much larger posterior portion of the embryo is a food-storage region which 
might be considered a cotyledon. No primary root is present. Oil globules are 
found in the dormant embryo, but neither starch nor sugar is present. The 
walls of the cells of the embryo give a positive test for cellulose. The remains 
of the integuments and nucellus of the ovule form a brown beak-like cap 
over the basal, or micropylar, end of the embryo. Filamentous strands of 



Fio. 1, Seed and young seedlings of Calopogon pulehellntt (Sw.) R. Br. a. Seed, 
b. Germinating seed, embryo enlarged, e. Later stage, apical end of embryo becomes a 
protoeorm. d. Protocorui still larger, seed coat split at chalazal end. e. Heedling with 
protoeorm and bud at apical end, primordium of first leaf evident, f. Older seedling show¬ 
ing protoeorm, absorbing hairs, developing bud, primordia of two leaves, seed coat still 
attached. 

cells, probably remaining after the disintegration of the inner cells of the 
ovule, as iy Cypripedium parviflornm (6), suspend the embryo in the center 
of the seed coat, and can be seen attached to the embryo when it is removed 
from the seed coat. 

The Seedling. The seeds germinate soon after being planted in a suit¬ 
able medium (4). The embryo enlarges and becomes green. At first the seed¬ 
ling retains its oval shape (fig. lb) because the enlargement is uniform in 
all dimensions, but in a few weeks the apical end enlarges more rapidly than 
the basal end, both in length and in width, and the seedling becomes egg- 
shaped (fig. lc). It stretches the seed coat laterally, and finally splits it at 
the chalazal end (fig. Id). 
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As growth continues, the differences between the apical and basal ends 
of the seedling become more marked. The cells of the basal part enlarge 
greatly, whereas those of the upper part divide and produce a typical pro- 
meristem. The oil disappears and reducing sugars and starch appear. Certain 
cells of the epidermis elongate outward and become absorbing hairs which 
resemble root hairs. These hairs are produced singly or in small groups, 
and their length depends on external conditions. The seed coat may remain 
attached for a time, but is eventually shed. The seedling at this stage of 
development will be called a protocorm, or first corm (fig. le), 

A bud now develops from the promeristem and appears as a cone-shaped 
protrusion. A circular ridge of cells, which arises from the promeristem, is 
the primordium of the first leaf. A second leaf-primordium.'arises in the 
same manner,,within and above the first (fig. If). A median longitudinal sec¬ 
tion of a seedling at about this stage of development (fig. 4) shows the bud, 
with its two concentric tubular leaf-primordia enclosing the promeristem, 
and its food-storage region still constituting the greater part of the seedling. 

When mature, the first or outer leaf is only about 2 or 3 mm. long, and 
consists of a tubular sheath whose tip is somewhat spread out (fig. 2A). The 
second leaf becomes longer than the first, and extends through and beyond 
the opening in the tip of the first. The second leaf also has a tubular sheath 
whose upper part flattens out into a small blade. The second leaf may be 
from 5 to 10 mm. long when mature (fig. 2B). During the elongation of the 
first two leaves, a third leaf-primordium develops from the promeristem 
directly above the second leaf (fig. 5) and a fourth develops above the third. 
Each new leaf has a sheath-like base which extends through and beyond 
the opening in the sheath of the preceding leaf. The tip of the sheath be¬ 
comes an increasingly longer blade on each succeeding leaf (fig. 2E). Usually 
only four leaves develop on a seedling. They are arranged alternately in two 
ranks and are attached close together because the internodes do not elongate. 
The protocorm, that is, the portion of the seedling below the first leaf, may 
elongate considerably (fig. 2C, D, E). 

The first root of the seedling arises adventitiously either in the upper 
part of the protocorm or in the bud. Its origin and development will be 
described later. 

By mid-season of the first year, the young plant consists of the protocorm 
with its absorbing hairs, the shoot with its four concentric leaves in two 
opposite* ranks, and usually, although not always, an adventitious root. The 
first leaf is chiefly a sheath, but the later ones have linear grass-like blades in 
addition to their sheaths (fig. 2). 

During the later part of the first season, the meristematic tip of the stem 
stops growing, and a new corm (the second) begins to form by the elongation 
and enlargement of the parenchymatous cells of the two upper internodes of 
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the stem (figs. 2C, D, E, 6). This increase in diameter of the stem starts 
abruptly just above the second node (counting from the base upward) and 
ends abruptly at the fourth node. The first or lowermost internode may also 
elongate, but it does not enlarge in diameter. If it elongates, it appears as a 
stalk of variable length between the protocorm and the new corm, and is 
ensheathed by the first leaf. If it does not elongate, the first two leaves are 
close together at the base of the corm, and their sheaths are stretched and 
sometimes split by the enlargement of the corm. Because the new corm con- 



Fio. 2. Plants of first season. A. Young plant with protocorm and young shoot. B. 
older plant with two leaves expanded. C. Second corm forming at top of protocorm, within 
sheaths of leaves. D and E. Second corm larger, leaves fully expanded. Fig. 3. Corms of 
older plants. A. Oorm with shoot developing from upper bud, two adventitious roots pro¬ 
truding from base of shoot, lower bud of corm dormant. B. Older corm with developing 
shoot, whorl of adventitious roots, and dormant lower bud; line across upper part of 
corm is place of attachment of principal leaf. C. Still older corm with larger shoot and 
whorl of 7 roots. 

sists of the second and third internodes with the intervening third node, the 
third leaf is attached to the corm. Tts base encircles the corm obliquely, 
usually a little above the middle, and is, of course, much broader than the 
base of any of the other leaves. Its sheath fits tightly over the top of the corm 
and encloses the fourth leaf which is attached at the top of the corm. The 
extreme tip of the corm, which is the meristem of the stem tip, usually dies 
and appears as a brown spot inside of the sheath of the fourth leaf. 
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The reserve starch in the cells of the protocorm is gradually digested 
and passes into the new corm, leaving the protocorm shriveled. The new corm 
becomes much larger than the protocorm, probably because some Of the food 
manufactured by the leaves and by the corm itself (because its outer layers 
contain chloroplasts) as well as the excess food from the protocorm passes 
into the new corm. 

The junction between the first and the second corns is seen in figure 6. 
The first internode has remained short in this case, and the encircling sheaths 
of the first two leaves are spread apart by the enlarging corm. Because of the 
abrupt increase in diameter of the second internode, the old and new corms 
seem to be connected by a narrow neck. Vascular bundles pass from the old 
to the new corm through this junction, and the cells which surround the 
bundles in this region become thick-walled and remain free of Starch. 

As the new corm grows, buds are formed in the axils of the second and 
third leaves opposite their midribs, but none were found in the axils of the 
first and fourth leaves. A bud starts as a group of meristematic cells under 
the epidermis of the corm, and primordia of four leaves develop later from 
these meristematic cells in acropetal order (fig. 9). The buds develop until 
they protrude from the surface of the corm, the upper protruding more than 
the lower. The buds are raised some distance above the attachments of their 
subtending leaves because the cornl enlarges and elongates simultaneously 
with bud development. A primordium of an adventitious root is formed in 
each bud. This will be described later. 

Toward the end of the first growing season the young plant (fig. 2C, 
D, E) consists of the small shriveling protocorm which still retains its 
absorbing hairs; a shoot with four concentric leaves, of which only the upper 
ones have linear flattened blades; usually an adventitious root arising either 
from the protocorm or from the base of the shoot; and a second corm filled 
with starch and enclosed by the sheaths of the leaves. 

With the approach of winter, the blades of the leaves succumb to the cold 
and disintegrate, but their sheaths dry and remain as brown scale-like 
coverings over the second corm. When all of the food has passed out of,the 
first corm, it gradually disintegrates. The root also dies. Finally all that 
remains through the winter is the dormant second corm, enclosed by dried 
sheaths of leaves, with its dormant buds which contain the primordia of 
leaves and adventitious roots for the next season. 

t 

The Plant in the Second Year. With the resumption of growing con¬ 
ditions, the upper lateral bud of the corm begins to grow into a new plant, 
development, therefore, being sympodial. It breaks through the dried leaf- 
bases which ensheath the corm. The primordia of the leaves elongate rapidly, 
but the stem grows rather slowly. The outer leaf becomes a conical sheath 
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which completely covers the young shoot and gives it the appearance of the 
seedling shoot of corn. Three or four leaves develop from the bud, of which 
two have tubular sheaths open at their tops, and the others have linear blades 
above their sheaths. Bach successive leaf is longer than that which precedes 
it, except the fourth which often does not elongate very much. All of the 
leaves of the plant of the second year become longer and wider than those 
of the plant of the first year. The lower bud of the corm, which has the 
same origin and structure as the upper bud, remains dormant unless the 
upper bud is removed or injured. The root-tip, which lay dormant in the 
stem of the bud, elongates and pushes horizontally through the sheath of 
the first (outermost) leaf of the shoot, and then turns downward. 

After the third leaf has completely expanded, another corm (the third) 
begins to develop in the same manner in which the previous one developed; 
i.e., by the enlargement and elongation of the second and third internodes 
of the stem and by the entrance of food from the previous corm. The 
meristematie tip of the shoot stops growing when the corm begins to form 
and usually dies. The first (lowermost) internode of the shoot may elongate, 
but it does not increase in diameter, nor become a part of the new corm. It 
merely lifts the new corm higher in the medium in which the plant is 
growing. As in the plant of the first year, buds are differentiated in the axils 
of the second and third leaves, and a root primordiurn appears in each bud. 

At the end of the second growing season, the plant is larger than, but 
otherwise similar to, the plant of the first season. It consists of the wrinkled 
second corm, a lateral shoot with three leaves, a single root, and the third 
corm enclosed by the sheaths of the leaves. The internode separating the 
corras may or may not elongate. The tip of the stem dies and appears as a 
brown spot terminating the corm. Finally all of the plant except the upper 
corm dies, and the old corm and root disintegrate. The upper corm, enclosed 
by the dry, brown leaf-bases, lies dormant until the next spring. 

Older Plants. The exact age of plants older than two years could not 
be determined because they were collected in the field and not grown from 
seeds. However, it was assumed that the larger the corm, the older the plant. 
A series of increasingly larger conns was studied. The history of their de¬ 
velopment in succeeding years was found to be much the same as in the 
first two years. 

Each year the plant becomes increasingly larger and more complex (fig. 
3A, B, C). Each year a lateral shoot develops sympodially from the upper 
bud of the dormant corm. If, however, the upper bud is injured, a shoot 
develops from the lower bud. The shoot produces a short stem, and from three 
to five concentric leaves. The first two or three leaves are entirely sheathing; 
the third or fourth bears a lanceolate blade; and the fourth or fifth may or 
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may not elongate. Each year until the plant is mature, the blade of the prin¬ 
cipal leaf becomes longer and wider. Each year an increasing number of 
adventitious roots appears at the base of the shoot. Each year, after the leaves 
and roots are fully developed, a new com is formed by the enlargement of 
the two upper internodes of the stem, and this corn may be lifted upward 
by the elongation of the first intemode of the shoot. A bud is formed in the 
axil of each of the two leaves of the corm, and new root primordia differenti¬ 
ate in the buds. The tip of the stem dies when the corm is mature. However, 
when the plant is old enough to bloom, the tip continues to grow and 
produces an inflorescence which pushes up through the sheath of the inner 
leaf, and extends beyond its blade. This inflorescence consists of a peduncle 
and a raceme with from 6 to 12 flowers. It has not yet been determined how 
old a plant must be before blooming. 

Development and Structure of Roots. The embryo has no primary 
root, hence all the roots of the plant are adventitious. The first root of the 
seedling arises by rapid nuclear and cell divisions in a small group of 
parenchymatous cells in the outer cortex of the upper part of the protocorm. 
The group of meristematic cells enlarges and becomes differentiated into a 
typical root-tip, and then elongates and extends horizontally outward. The 
root may stretch the epidermis before breaking it and emerging (fig. 7). 
The root remains unbranched. Often this root from the protocorm is absent, 
in which case a primordium (or occasionally two) arises in the bud. It 
appears as a group of meristematic cells in the outer cortex of the internode 
between the first and second leaves (fig. 5). This group of meristematic cells 
becomes a root-tip which elongates, digests its way through the epidermis 
of the stem and the sheath of the first leaf, and emerges. Sometimes, how¬ 
ever, the seedling has no root (fig. 2), and absorption is then entirely 
accomplished by means of the epidermis and the absorbing hairs of the 
protocorm. 

In each succeeding year, when the upper bud of the corm develops into a 
shoot, adventitious roots arise at its base (fig. 3). The number of roots per 
year Increases as the plant ages. An early stage in the formation of a root 
primordium (figs. 9,12, 32) shows a small group of meristematic cells in the 
outer part of the stem, just below the attachment of a leaf. This group of 
meristematic cells becomes dome-shaped, as in figure 9, and may remain 
dormant in this condition during the winter, or may differentiate into a 
typical root-tip before dormancy begins. When the bud grows in the spring, 
the root-tip elongates horizontally and digests its way through the epidermis 
of the stem and the bases of one or more leaf-sheaths which enclose it (figs. 
11, 29-34). The root-tip, or tips, which originate in, the lower bud*of a corm 
do not develop into roots if this bud is inhibited in its growth by the growth 
of the upper bud. 
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The roots of older plants form whorls in a zone at the base of the lateral 
shoots (fig. 3). The positions of the ten roots of a medium-sized plant are 
seen in figures 29-34, where the roots are numbered in the order of their 
position, beginning with the lowermost. This order is not necessarily the 
order of their age (for example, the seventh and eighth roots are younger 
than the ninth), but usually the lower roots are older than the upper ones. 
In the plant illustrated, the roots seem to be approximately opposite each 
other in series, that is, the first is opposite the third, the second opposite the 
fifth, the fourth opposite the sixth, and the seventh opposite the ninth. The 
eighth, however, is not opposite the tenth. Too few cases have been studied 
to permit generalizations concerning the regularity of the positions or the 
order of development of the roots. They extend outward in all directions 
from the shoot and are unbranclied. 

A mature root (fig. 8) consists of an epidermis, bearing root-hairs, a 
parenchymatous cortex, a well-defined endodermis, a stele with radially ar¬ 
ranged xylem and phloem and a small pith. The endodermal cells have Cas- 
parian strips on their radial walls, and the cells of the pericycle are thin 
walled opposite the xylem and thick walled opposite the phloem. The exarch 
xylem and phloem are surrounded by sclerenchymatous cells. The number 
of alternating strands of xylem and phloem increases from four (tetrarch) 
in young roots to many (polyarch) in older ones. Hyphae of the mycorrhizal 
fungus, which entered through the root-hairs, form knots in many of the 
cells of the cortex. 

Structure of Leaves. The three or four leaves of the seedling consist 
of two or three layers of undifferentiated mesophyll between the epidermal 
layers (figs. 4, 5). The outer leaf has a single median vein, and each of the 
others has three parallel veins, a median one and two smaller lateral ones. 
The cross section of the median vein shows only a few tracheids and sieve 
tubes, surrounded by a parenchymatous bundle sheath. The lateral veins 
may show only a single traeheid and one or two phloem cells in cross section. 

After the first year, the shoot produces from three to five leaves each year. 
Only one (usually the third) bears the elongated grass-like blade by which 
the plant is recognized during the growing season. Its blade (limb) and 
sheath are separated by a joint, but no ligule is present. The lower leaves 
are tubular sheaths. Sometimes a smaller leaf with a diminutive blade 
appears above the principal leaf. 

All the leaves become longer, wider, and thicker each year, and the num¬ 
ber of veins in each increases. When young, a plant has three veins in each 
leaf; when older, five; then seven; and when old enough to bloom, it may 
have from thirty to forty veins. The larger veins enter the leaf from the 
stem separately, and the smaller veins arise as branches from the larger ones. 
All the veins are parallel, but small cross-veins connect adjacent veins at 
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frequent, irregular intervals. All the veins join near or at the pointed tip 
of the leaf. 

The leaves of an individual plant differ somewhat in structure (figs. 12, 
13). They are progressively thicker from the lower to the upper. In all leaves 
the epidermal layers are thinly eutinized, and the mesophyll consists of 
simple parenchymatous cells, smaller in the outer half of the leaf, and larger 
in the inner half, but with no differentiation into typical palisade and spongy 
tissue. Large air spaces appear in the inner mesophyll of the lower leaves. 
The veins are surrounded by sclerenchymatous bundle sheaths. The larger 
collateral veins contain both xylem and phloem and the smaller veins may 
contain only phloem. Smaller strands between the veins may be composed 
entirely of sclerenchyma. The main veins are progressively larger from the 
lower to the upper leaf. 

Vascular System. The embryo has no vascular tissue, but when the 
apical bud is formed on the protocorm, a small central provascular strand 
is differentiated at the base of the bud (fig. 4) and continues upward as the 
bud develops. This strand becomes a simple protostele (fig. 26), its differen¬ 
tiation beginning at the lower end and proceeding upward. The stele is 
bounded by an endodermis of large thin-walled cells with conspicuous Cas- 
parian strips on their radial walls and by a parenchymatous peri cycle of one 
layer of cells. The xylem consists of a few scalariform tracheids; the phloem 

Explanation of figures 4-13. 

Photomicrographs, showing structure of plant at different stages of development. 
Fig. 4. Median longitudinal section of a young seedling (about same age as seedling 
in figure la) showing protocorm with provascular strand, meristcm of bud, primordia of 
two concentric leaves. Fig. 5. Longitudinal section (not median) of a seedling some¬ 
what older than that in figure 4, showing protocorm, second leaf longer than first, primor- 
dium of third leaf, and primordium of first adventitious root below the attachment of 
the second leaf. Fig. 6. Longitudinal section of a seedling (about the same age as the 
seedlings in figure 21), E), showing portions of protocorm (below) and second corm 
(above), second corm with starch, protocorm with none; thick-walled cells above and below 
narrow junction between 2 conns, sheaths of 2 lower leaves stretched by second corm. 
Fig. 7. Cross section of protocorm at level of first root, showing root protruding and 
stretching epidermis; provascular strand between center of root and stele of protocorm. 
Fig. 8 . Cross section of mature root of old plant. Fig. 9. Portion of section of corm of old 
plant, showing bud with primordia of leaves, provascular strands, and primordium of ad¬ 
ventitious root between first and second leaf-primordia; bud covered by corm tissue. Fig. 
10. Cross section of base of shoot, just above its separation from corm. Vascular bundles 
from corm, each with circular strand of phloem, relatively small amount of xylem, and 
sclerenchymatous bundle-sheatli. Fig. 11. Cross section of same shoot between first and 
second nodes; a, c, d, e, midrib and midrib traces of first, third, fourth and fifth 
leaves, respectively. Young root digesting way through epidermis of stem and outer leaf, 
vascular connection of root and stem. Portion of cylinder of sclerenchymatous cells, 
showing connection with stele of older root. Fig. 12. (Voss section of same shoot at 
third node; letters, as above. Portions of sheaths of three leaves, young bud (upper left), 
provascular strands extending horizontally toward bud, root primordium (lower right) 
at base of third leaf, 7 large and 8 small traces to fourth leaf. Fig. 13. Portions of 
cross sections of three mature leaves. 
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consists of a few sieve tubes and companion cells. The arrangement of xylem 
and phloem appears to be monarch. 

If a root is formed in the protocorm, a simple protostele is differentiated 
inward from the center of the root and meets the central stele of the proto¬ 
corm at a right angle (fig. 7). 

The upper part of the vascular system of the seedling consists entirely 
of leaf traces which make a two-sided pattern in supplying the two ranks of 
alternate leaves. This vascular system will be described from the base of the 
seedling upward (figs. 14-25) rather than in the direction of its differen- 



Figs, 14-27. Vascular system of plant of first season. Figs. 14-25. Series of cross' 1 
sections from base upward, showing course of vascular bundles. Traces originating from 
one main bundle in black; those from other main bundle in white. Fig. 14. Through 
protocorm, with protostele and absorbing hairs. Fig. 15. Trace to first leaf, at a right 
angle with protostele. Fig. 1C. Sheathing first leaf, with one vein; one vascular strand 
in stem. Figs. 17-18. First internode; larger of two main bundles (black) separated 
into three, median becomes median trace of second leaf, laterals each divide into two;* 
other main bundle (white) separated into three. Fig. 19. Base of second corn above 
second node. Second leaf with three veins. Inner branches of two laterals (black) fused, 
median (white) divided into three. Fig. 20. Third node, leaf not entirely separated. 
Midrib of leaf and trace to bud from median of above three (white), two lateral 
traces j(black) to third leaf. Figs. 21-22. Above third node. Second and third leaves, 
three veins each; three bundles (1 black, 2 white) continuing upward. Fig. 23. Above 
fourth node. Larger bundle (black) divided into three, middle becomes median trace to 
fourth leaf; two smaller bundles (white), each divide into two, inner branches unite, 
outer become lateral traces to fourth leaf. Figs. 24-25. Top of second corm. Fused 
bundle (white) divides into two, one goes to tip of corm and other to Bud in axil of 
fourth leaf; two bundles (black) go to same bud. Fig. 26. Detail of protostele from 
figure 14. Fig. 27. Detail of bundles from figure 17. 
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tiation from the tip downward. The central stele of the protocorm “divides” 
into two unequal bundles. The smaller bundle ‘‘passes into” the first leaf 
(fig. 15), and the larger continues upward for a short distance and then 
“divides” 2 into two. The larger of these bundles, shaded black in figures 
17-25, gives rise to one-half of the vascular system, and the smaller, white 
in figures 17-25, gives rise to the other half. Each half will be described 
separately. 

The larger of the two main bundles divides into three (fig. 17). The 
median of these passes into the midrib of the second leaf, and each of the 
two smaller lateral ones divides again (fig. 18). The two outer of these traces 
become the lateral veins of the third leaf (fig. 21). The two inner bundles 
join into a single bundle which continues upward to the fourth node (figs. 
19-22) and then divides into three. The median bundle of these three goes 
to the midrib region of the fourth leaf (fig. 23), and the other two go to the 
bud in the axil of the fourth leaf. 

The course of the bundles on the opposite side of the seedling is similar. 
The smaller main bundle in the first internode divides into three (fig. 18), 
the two lateral ones becoming lateral traces to the second leaf, and the cen¬ 
tral one continuing upward to the second internode, where it again divides 
into three (fig. 20). The median one of these three divides into two, one of 
which passes into the midrib of the third leaf and the other of which passes 
into the bud at the third node (fig. 20). Each of the two lateral bundles 
divides into two, the outer two becoming the lateral veins of the fourth leaf; 
the inner two joining and continuing upward to the tip of the seedling (figs. 
23-25). Thus the median traces of the second and fourth leaves and the lat¬ 
eral traces of the third form one-half of the vascular system, and the median 
traces of the first and third and the lateral traces of the second and fourth 
leaves form the other half of the vascular system. When the new corm is 
formed by the enlargement of the two upper internodes, the vascular bundles 
are merely separated by the enlarging cells of the parenchyma and are not 
changed in their course. 

Because the new shoot develops from the upper bud of the corm in each 
subsequent season, the vascular system of this shoot is differentiated when 
the bud is developing on the corm, and is joined to the vascular system of the 
corm very early in the history of the bud. The vascular system matures as 
the bud grows into the new plant. Each year, as the plant becomes larger, its 
vascular system increases in number of bundles and complexity of pattern. 
The number and arrangement of vascular bundles was studied in increas¬ 
ingly older plants. The exact age of these plants was not known, but their 

2 The stele is said to “divide ,'’ to “give off branches” which “enter” other parts, 
and so forth, much as these expressions may be used of a road all built at one time, not 
as meaning that such events occur in ontogeny. It is in such a sense that they are used 
in the rest of this paper; the quotation marks being hereafter omitted. 
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age was assumed to be related to their size, to the number of veins in the 
principal leaf, and to the number of adventitious roots at the base of the 
shoot. 

The course of the vascular bundles in an older plant—one with 10 roots 
and 15 veins in its principal leaf—is illustrated in the series of cross sections 
in figures 28-36. The upper bud of this plant had begun to develop and 



Figs. 28-36. Vascular system of older plant. Series of cross sections of developing 
shoot, from base upward. Letters as in figure 11. Principal bundles which enter from corn 
and extend to fourth leaf in black. Adventitious roots numbered in order of position 
from base upward. Fig. 28. Base of shoot above separation from corm, as in figure 10. 
Two irregular rings of vascular bundles, some branching, others fusing (indicated by 
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the first five roots had emerged at the base of the shoot (as in figure 3B, C) 
when it was fixed for sectioning. Here, again, the course of the bundles will 
be described from the base upward. The number of bundles in the base of 
the shoot varies at different levels because some bundles fuse and others 
divide. Twenty-one bundles are shown in figure 28. They are placed some¬ 
what irregularly in two rings, the larger bundles in an inner ring and the 
smaller alternately in an outer ring. Figure 10 shows the character and 
arrangement of 15 similar bundles in the base of another plant. Bach bundle 
has a circular strand of phloem, a relatively small amount of xylem, and an 
encircling sclerenchymatous bundle-sheath. Some appear to be either fusing 
or dividing. 

At higher levels in the stem, the vascular system becomes very complex 
and seems to follow no regular pattern, as it does in the seedlings. The 
bundles may branch, anastomose, or connect by horizontal cross-bundles. 
Their course is particularly difficult to follow in the region where the roots 
emerge (figs. 29-32), because here they pass into and are obscured by a 
cylinder of cells which become thick-walled. A portion of this cylinder of 
sclerenchymatous cells is seen in the lower part of figure 11. 

The smaller bundles in the base of the shoot supply the first ring of roots 
and the first leaf. These bundles branch profusely, and several neighboring 
branches converge and join with the provaseular strands of each young root- 
tip (fig. 11, upper part). As the tissues in the root develop, the sclerenchyma 
surrounding the bundles to the root becomes continuous with that which 
surrounds the vascular tissues in the root (fig. 11, lower). The number of 
bundles which supply a root and the manner in which the collateral bundles 
of the stem become oriented to form the radially arranged strands of xylem 
and phloem in the root were not studied. 

Other branches of bundles become the traces to the first leaf. These are 
followed with difficulty because they are obscured by the emergence of the 
roots below and at tjie level of departure of the leaf. The midrib and several 


arrows). Figs. 29-30. Below first node. First three roots emerging, cylinder of scleren- 
chymatous tissue (stippled), vascular bundles branching, anastomosing, and connecting 
by cross-bundles, traces of first leaf (ringed heavily). Fjg. 31. First node. First leaf 
partly separated from stem, three additional roots, part of ring of traces to second leaf 
in cortex, two central bundles present. Photomicrograph (reversed) of portion of this 
section in figure 11. Fig. 32. Second node. Second leaf partly separated from stem, 
seventh root penetrating base of second leaf, young primordium of eighth root in cortex 
of stem, ring of traces to third leaf forming. Fig. 33. Second internode. Ring of 
traces to third leaf, ninth root penetrating first and second leaves, primordium of tenth 
root in cortex of stem. Fig. 34. Third node. Three sheathing leaves, axillary bud of third 
leaf, ring of 15 traces to fourth leaf forming, 6 bundles in center of stem continuing 
upward. Photomicrograph (reversed) of portion of this section in figure 12. Fig. 35. 
Fourth node below leaf and bud, 7 traces to fifth leaf, 2 bundles continuing upward to 
stem tip. Fig. 36. Tip of shoot. Five concentric leaves, with 12, 17, 21, 15, and 7 veins, 
respectively. 
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other traces, however, can be followed in figures 29 and 30. They simply pass 
through the cylinder of thick-walled cells, extend obliquely upward across 
the cortex, and enter the base of the leaf. Of the 12 strands in the first leaf, 
several are small, consist only of sclerenchymatous cells, and should probably 
not be called veins. These seem to have no connection with the bundles in 
the stem. 

The seven larger bundles in the base of the shoot (black in figs. 28-36) 
also give off numerous small branches which become arranged in concentric 
rings and supply the other leaves and roots. One ring of 17 traces supplies 
the second leaf and another of 21 supplies the third (figs. 29-34). Some of 
these are seen in detail on either side of the root in figure 11. The seven main 
bundles, together with eight smaller alternating branch-bundles, finally 
enter the base of the fourth leaf (figs. 33-35, 12) which is the principal leaf 
of the plant. Two central bundles which originate below the first node be¬ 
come the midribs of the fifth and sixth leaves. One of these, together with 
six additional branch-bundles, supplies the fifth leaf, and the other goes to 
the tip of the stem. 

The courses of the seven main bundles were followed from the corm 
upward to the base of the fourth leaf in order to discover a possible plan in 
their branching. No such plan was found. The course of the median trace 
to the fourth leaf (d in figs. 28-36, 11, 12) will be described. In the base of 
the stem it gives off two branches, one extending outward from each side 
(fig. 28). At a higher level, it gives off another branch (fig. 29) which enters 
the fifth root. Still higher it connects by a cross-bundle with one of the 
bundles in the center of the stem (fig. 30), and above this it connects by two 
cross-bundles with the two adjacent main bundles (fig. 30, dotted lines). 
Continuing upward, it then gives off, toward the outside, two small bundles 
(figs. 31, 32, arrows) which become leaf traces to the second leaf, and finally 
another which divides into two (fig. 33), which become traces to the third 
leaf. It then passes into the midrib region of the fourth leaf without further 
branching. 

A similar study of the vascular systems of many older plants indicated 
that the larger bundles entering the stem from the corm extend upward, 
giving off many branches, and become the principal veins of the principal 
leaf; that usually an odd number of veins enters this leaf; that the number 
of veins in the sheathing basal leaves is greater than the number in the 
principal leaf; that the number of veins in the blade of the principal leaf is 
greater than the number in its sheath because some of the veins in the blade 
branch; that the branches from these bundles supply the other leaves and 
roots. The number of strands per leaf may be large; for example* the outer 
leaf in figure 13 has 51, the second has 58, and the third has 31. The num¬ 
ber of principal veins in these leaves is 19,11, and 9, respectively. 
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DISCUSSION 

The interpretation of the structure of the embryo of orchids presents 
difficulties. The embryo may be considered simple and undifferentiated 
(Arber, 1, p. 166), lacking all of the parts of a typical monoeotyledonous 
embryo and consisting of only a food-storage region and a meristematic 
region. When the seed germinates, the posterior portion of the embryo 
supplies food to the anterior meristematic region which produces a more or 
less enlarged and elongated axis with a bud at its apex. The bud develops 
into a stem with sheathing leaves at its nodes, and might, therefore, be con¬ 
sidered a plumule (epieotyl?). But how shall the axis-like part, which lies 
between the original food-storage region and the insertion of the first leaf, be 
interpreted? It becomes green because of the formation of chloroplasts in 
the outer layers of its cortical cells. It may produce absorbing hairs all over 
its surface. Its central vascular strand is a monarch protostele, surrounded 
by a well-differentiated endodermis. The first root of the seedling often ori¬ 
ginates in this part of the seedling. Goebel (11, pp. 1402-3) calls this part of 
the axis a hypocotyl. It has many of the features of a hypoeotyl, but if it is 
one, must the leaf at the first node be considered a cotyledon, or does the 
hypocotyl join the epieotyl with no cotyledon at the junction? I have called 
this part of the axis a protocorm, or first corm, simply because it enlarges in 
diameter and becomes filled with starch. I have assumed that the hypocotyl is 
lacking and that the plumule produces the shoot which bears true leaves at 
its nodes. 

There seems to be no question about the fact that a primary root is 
lacking in the embryo. This absence of a root is not surprising, because the 
primary roots of many other monocotyledons are lacking or ephemeral. 
Arber (1) states that the differentiation of a primary root at the suspensor 
pole of the embryo is prevented by the presence of the endophytic fungus in 
the cells of this pole. This cannot be true of Calopogon pulchellus because 
no endophytic fungus was present in the embryos nor in seedlings grown 
in a sterile culture medium. All of the roots of C . pulchellus are adventitious, 
arising in the cortical parenchymatous cells of the protocorm or of the 
low r er nodes of the stem. 

Is a cotyledon present in the embryo? Some might interpret the food- 
storage region of the embryo as a cotyledon; others might assume that the 
first leaf is a cotyledon; while still others might conclude that a cotjdedon 
is lacking. In this work I have taken the last position. 

Growth of C. pulchellus is svmpodial; that is, the new shoots arise from 
lateral buds. Sympodial growth is common among the orchids and other 
monocotyledons. The terminal bud ceases growth and differentiation and 
usually dies, but the causes of the cessation of growth or death of the termi- 
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nal bud are not known. Arber (1, pp. 29, 221), reporting work by Bernard, 
suggests that growth and differentiation slow down or cease when tuberiza- 
tion begins and that tuberization begins when the plant becomes infected 
with the mycorrhizal fungus. Knudson (14, 15) showed that certain effects 
of the fungus could be replaced by the addition of certain carbohydrates. 
Whether or not the cessation of terminal growth and the tuberization of the 
two upper internodes (with the intervening node) of the stem of C. pulchel- 
lus are related to infection by a mycorrhizal fungus or to the carbohydrate 
supply is not known. 

The vascular system of the young plant consists of the single vascular 
bundle in the protocorm and the leaf traces, while that of older plants con¬ 
sists entirely of leaf traces. The single leaf trace of the first leaf “ passes’ ’ 
independently across the cortex and joins the bundle in the protocorm at a 
right angle. The three leaf traces from each of the other leaves fuse in a 
definite pattern and form two main bundles which join with the bundle in 
the protocorm. The fact that the trace of the first leaf is entirely separate 
from those of the later leaves may be a consideration in determining whether 
or not this leaf is a cotyledon. 

Each year after the first, the vascular system of the plant arises in the 
upper lateral bud of the corm. Provascular strands appear, in the usual 
manner, during the differentiation of the bud, and those strands to the 
third leaf-primordium connect with nearby bundles of the corm and become 
the main vascular bundles of the stem of the new plant. Those provascular 
strands which become the leaf traces of the first and second leaves, as well 
as those to the adventitious roots, join the main vascular strands very near 
the level of the departure of the respective organs. Leaf traces from the 
fourth leaf (when present) also join to the main vascular strands. 

Because each year the older plant consists of only four nodes with the 
intervening internodes, the pattern of the vascular system is the same, except 
that the number of bundles increases as the plant gets older. The pattern is 
different from the palm type (2) and the types in the Cyperaceae and other 
monocotyledons described by Plowman (16). The main bundles of the plant 
of (7. pulchelhis “pass” continuously from the corm through two internodes 
and become the main traces of the third leaf, which is the principal leaf of 
the mature plant. All other bundles are traces which join the main bundles 
at the nodes. Anastomoses of bundles are frequent and follow no particular 
plan. 

The plant passes the winter as a corm with two lateral buds. I have used 
the term “corm” rather than “tuber” because the enlarged stem is short, 
thick, and axial, and is covered by the dead bases of the ensheathlng leaves. 
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It is similar to a corm of Crocus. Each year a new corn is produced by the 
two upper internodes of the stem and the old corm shrivels and disintegrates. 

SUMMARY 

1. Seeds of Calopogon pulchellus were germinated on a culture medium 
and the young plants were grown for two years. Older plants were collected 
in the field. The anatomy of plants from embryo to the age of blooming was 
studied. 

2. The embryo consists of a food-storing region and a meristematic region 
which develops into a bud. The bud produces a seedling, with a protocorm at 
its base and four leaves above. The first root is adventitious and may arise 
from the protocorm or from the first node of the stem. A second corm arises 
from the two upper internodes of the stem, and the excess food passes from 
the protocorm to the new corm. All of the plant except the second corm dies 
at the end of the first growing season. 

3. The plant of the second year arises from a bud at the upper node of 
the corm. It also produces an adventitious root at its base, four or five leaves, 
and a new corm from the two upper internodes of its stem. The development 
of the plant is much the same in succeeding years, except that the number 
of roots becomes greater and the leaves and the new corm become larger each 
year. 

4. The structure of the root, stem and leaves of a mature plant, and the 
course of the vascular system in seedlings and older plants are described. 
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A FURTHER NOTE ON THE PRODUCTION OF THIAMINE 
BY ACTINOMYCES 

J. Arthitr Herrick and Const. J. Alexopoulos 1 

In a previous paper in which the writers reported the results of studies 
on antibiosis between some species of Actinomyces and certain fungi (1), it 
was suggested that certain results “may very well be an indication of the 
presence of growth stimulating substances secreted in the agar” by the 
aetinomycetes employed in those experiments. In a subsequent paper (2) 
the writers reported the production of thiamine or its precursors by Actino¬ 
myces viridochromogenus. In the meantime Maekinnon reported the pro* 
duction of thiamine by A. albus (3). 

In view of the above, it appeared desirable to test a number of different 
species of Actinomyces to discover if the production of thiamine is wide¬ 
spread in this genus. 

EXPERIMENTAL STUDIES 

A suitable number of 200-ce. Erlenmeyer flasks, each containing 25 cc. 
of a liquid medium, prepared according to the formula and procedure pre¬ 
viously reported (2), were sterilized by autoclaving at 17 lbs. pressure for 
15 minutes. Ten flasks were then inoculated with a heavy spore suspension 
of each of 24 aetinomycetes, 2 respectively. A suitable number of flasks were 
retained for use as controls. 

Nine days after inoculation 3 the aetinomycete mycelium was removed by 
filtration through filter paper, the filtrates restored to their original volumes 
with distilled water, and their acidities adjusted to pH 5.4. The 250 cc. of 
each filtrate were divided into 50-cc. portions and returned to five of the 
original flasks. The sterile control medium was treated in a similar fashion. 
The filtrates were now sterilized at 17 lbs. pressure for 20 minutes. In order 
to destroy a therinolabile inhibitor known to be present in filtrates of A. gou - 
geroti cultures, these filtrates were immediately reautoclaved at 17 lbs. pres¬ 
sure for another 20 minutes. On the following day all flasks were inoculated 
with 4-inm. discs cut from young cultures of Phycornyces blakesleeanus 
growing on eornmeal* agar in Petri dishes. 

t The writers wish to express their appreciation to Dr. H. A. Cunningham, Chairman, 
Department of Biology, Kent State University, for his encouragement and cooperation in 
providing research facilities. 

2 The writers are grateful to Dr. Selman A. Waksman for supplying 14 of the 24 cul¬ 
tures employed in these experiments. 

3 A. gougeroti was permitted to grow 17 days because of its very slow growth rate. 
Proa, polychromogenes and Micromonospora failed to grow satisfactorily in the medium 
used and were discarded after several weeks. 
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Thirteen days after inoculation the Phycomyces mycelia were removed 
from the filtrates by filtration through filter papers, dried at 100° C, and 
the dry weights determined. Because of a few contaminations only four of 
each set of flasks were filtered. The essential data are presented in the accom¬ 
panying table (table 1). , 

TABLE 1. Dry weights of Phycomyces bldkesleeanus mycelium produced in IS days 
on culture filtrates of various actinomycetes 


Species 

Dry weight, in mg., of 
mycelium from 
four flasks 

A. albidoflaws 

287 

A. albosporeus . . . 

154 

A. alb us 

206 

A. annnlatus . 

166 

A. aureus' 

184 

A. bobili 

468 

A . californic us 

111 

A. cellu/osae 

170 

A. ftmicarius 

131 

A. flavovirens 

367 

A. flavus 

118 

A. f radii 

511 

A. gangeroti 

442 

A. halstedii . .. . 

133 

A. madurae . 

106 

A. pur peochr onto genus 

111 

A. reticuli 

256 

A. scabies .. 

340 

A. violaceous-ruber 

228 

A . viridochromogenus 

4 

191 

Proa, aster aides . . , . 

132 

Proa, salmonicolor . 

92 

Control. 

17 


Description of the Phycomyces 
mycelium 


Complete coverage of surface. Heavy 
sporangiopliore production. 

Complete coverage of surface. Medium 
sporangiophore production. 

Most of surface covered. Medium spo* 
rangiopliore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

Complete coverage of surface. Very 
heavy sporangiophore production. 

Complete coverage of surface. No spo* 
rangiophores. 

One-half of surface covered. Medium 
sporangiophore production. 

One-third of surface covered. Medium 
sporangiophore production. 

Surface completely covered. Heavy spo¬ 
rangiophore production. 

Little surface growth. Very few spo- 
rangiophores. 

Complete coverage of surface. Very 
heavy sporangiophore production. 

Complete coverage of surface. Heavy 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Light spo¬ 
rangiophore production. 

One-half of surface covered. Light spo¬ 
rangiophore production. 

One-half of surface covered. Heavy 
sporangiophore production. 

Complete coverage of surface. Heavy 
sporangiophore production. 

Three-fourths of surface covered. Me¬ 
dium sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Medium 
sporangiophore production. 

One-half of surface covered. Very few 
sporangiophores. 

Small, completely submerged mycelia. 
No sporangiophores. 
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DISCUSSION AND CONCLUSIONS 

The growth of Phycomyces blakesleeanus as a test for thiamine has been 
previously discussed (2). A comparison of the growth of P. blakesleeanus on 
the filtrates of the 22 actinomycetes employed in these experiments with that 
on the control medium is offered as convincing evidence that all of the 
actinomycetes investigated are able to produce detectable amounts of thia¬ 
mine, or its precursors, in culture. 

Although the species investigated constitute only about one-fifth or less 
of the total number of actinomycetes known, the fact that all of them gave 
positive results would seem to indicate that the production of thiamine is 
very widespread in the genus Actinomyces . 

SUMMARY 

Twenty-two actinomycetes were grown on a thiamine-free liquid 
medium. The cultures were filtered, the filtrates acidified and autoclaved. 
All of the 22 filtrates were found to support a considerable growth of Phyco¬ 
myces blakesleeanus. It is therefore concluded that all of the 22 actinomy¬ 
cetes investigated produce thiamine or its intermediates or precursors in 
culture. 

Department of Biology, Kent State University 
Kent, Ohio 
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VITAMIN DEFICIENCIES OF FIFTY YEASTS AND MOLDS 

Paul R. Burkholder and Dorothy Moyer 

This paper is a report of studies made on the growth factor requirements 
of thirty-three strains of yeasts representing twenty-four species, and seven¬ 
teen strains of molds belonging in thirteen species. Since the vitamin re¬ 
quirements of microorganisms have been extensively reviewed in the recent 
literature, discussion of various aspects of the subject will not be given here. 
Our knowledge concerning vitamin deficiencies of the filamentous fungi has 
been well summarized by Robbins and Kavanagh (1). References to im¬ 
portant literature dealing with the vitamin relations of yeasts may be found 
in a paper by the senior author (2). 

Cultures of Fomes annosus and Lenzites betulina were made available 
through the kindness of Dr. Ross W. Davidson, Division of Forest Pa¬ 
thology, Bureau of Plant Industry, Washington, D. C. Dr. Alma D. Water¬ 
man, Division of Forest Pathology, Bureau of Plant Industry, New Haven, 
Conn., supplied cultures of Cytospora sp. and Coryne sarcoides. The species 
of Trichophyton , Hormodendron , Phiaiophora , and Sporotrichon were ob¬ 
tained from Dr. C. W. Emmons, National Institute of Health, Bethesda, Md. 
The yeast cultures were supplied by Drs. L. J. Wickerham and Kenneth B. 
Raper, from the Culture Collection of the Northern Regional Research 
Laboratory, Bureau of Agricultural Chemistry and Engineering, Agricul¬ 
tural Research Administration, U. S. Department of Agriculture, Peoria, Ill. 
StocE cultures of these microorganisms were carried on yeast-peptone- 
dextrose agar. 

The methods employed in this study were essentially the same as those 
which have been reported earlier (2). The basal medium employed for culti¬ 
vation of the molds and yeasts contained the following compounds in each 
liter of solution: dextrose C.P., 20 gm.; recrystallized asparagine, 2.0 
gm. ; KH 2 P0 4 , 1.5 gm. ; MgS0 4 7H 2 0, 0.5 gm.; CaCl 2 2H 2 0, 0.33 gm.; 
(NH 4 ) 2 S0 4 , 2.0 gm.; and KI, 0.1 mg. Trace elements were added to this 
medium in p.p.m. as follows: B, 0.01; Mu, 0.01; Zn, 0.07; Cu, 0.01; Mo, 0.01; 
and Fe, 0.05. Vitamin supplements were added singly or in combination in 
micrograms per liter of medium as follows: thiamine hydrochloride, 200; 
pyridoxifie hydrochloride, 200; nicotinic acid, 200; biotin methyl ester, 2.0; 
calcium pantothenate, 200; and inositol, 10,000. Riboflavin was generally 
omitted from consideration inasmuch as earlier work indicated that yeasts 
and molds are not commonly deficient for this vitamin. 1 The dosages of 

1 In the series of cultures set up for several human pathogens (figure 1), riboflavin 
(200 micrograms per liter) was included in the medium. 
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TABLE 1. Growth of yeasts in a chemically defined medium with varied supplements 
of vitamins and liver concentrate. The values represent turbidity units of cultures grown 
for 72 hours at 25° C. 


Organisms 


Candida albicans 

416 

14 

10 

148 

179 

155 

139 

74 

156 

210 

C. albicans 

430 

8 

8 

174 

194 

190 

165 

130 

205 

187 

C. albicans . 

461 

6 

10 

187 

192 

184 

147 

156 

176 

201 

C. albicans 

462 

4 

5 

224 

241 

234 

202 

124 

235 

281 

C . albicans .. 

467 

7 

0 

204 

200 

192 

193 

119 

190 

243 

C. albicans 

475 

0 

0 

0 

0 

0 

0 

0 

0 

181 

C . chalmersi 

982 

0 

4 

312 

322 

322 

329 

289 

262 

244 

C. chcvalicri 

309 

265 

336 

391 

349 

329 

340 

379 

316 

623 

C. deformans 

321 

35 

290 

327 

304 

314 

290 

26 

340 

247 

C. fiareri . 

245 

0 

4 

121 

113 

113 

99 

98 

106 

95 

C. mycotoruloidea 

527 

0 

1 

144 

156 

148 

141 

61 

149 

170 

C. paralcrusei 

316 

0 

0 

162 

167 

157 

149 

157 

144 

182 

C. stcllatoidea 

523 

27 

29 

185 

201 

189 

179 

86 

195 

206 

C. stcllatoidea 

524 

0 

0 

59 

63 

62 

61 

54 

59 

81 

C. stcllatoidea 

525 

10 

28 

191 

205 

194 

190 

77 

195 

220 

C. stcllatoidea 

526 

25 

36 

194 

195 

193 

195 

92 

195 

245 

C. seylanoides 

347 

0 

0 

160 

148 

72 

152 

147 

134 

65 

Chalara my coder ma 

709 

3 

382 

322 

375 

360 

355 

8 

357 

415 

Hansenula suaveolens 

838 

184 

174 

217 

203 

227 

180 

223 

172 

422 

Monilta albicans 

414 

14 

16 

138 

168 

166 

151 

93 

156 

169 

M . metalondinensis 

82 

. .. . 12 

23 

161 

191 

203 

166 

206 

189 

205 

Af. metalondinensis . 

539 

12 

18 

188 

170 

174 

180 

121 

160 

211 

My coderma lafarii . 

936 

0 

36 

247 

307 

222 

249 

89 

211 

265 

Af. vini. 

939 

0 

0 

0 

0 

0 

0 

0 

0 

124 

Pichia alcoholophila 

0 

0 

820 

795 

770 

820 

795 

720 

790 
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TABLE 1.— (Continued) 


Organisms 



I I I l i i 


P. belgica ... 

0 

3 

0 

113 

110 

59 

14 

109 

132 

952 

P. Dombrowlcii . 

19 

233 

256 

237 

204 

223 

9 

244 

290 

119 

Saocharomyees bay anus . 

966 

26 

96 

316 

161 

372 

44 

257 

290 

397 

S. validus . 

0 

0 

104 

76 

89 

62 

'O 

117 

67 

972 

Schizosaecharomyces pombe ... 
9 

Torulopsis dattila . 

4 

1 

107 

6 

1 

4 

114 

72 

193 

15 

157 

174 

178 

182 

184 

0 

153 

88 

171 

T . moli8chiana ... 

4 

1 

174 

133 

131 

156 

129 

146 

199 

218 

T . sphaerica . 

169 

0 

0 

229 

90 

0 

234 

193 

214 

215 


biotin and inositol were increased 10 fold over those employed in earlier 
work (2), 

Nine kinds of medium were prepared for testing the growth-factor re¬ 
quirements of each fungus as follows: no addition of vitamins, addition of 
six vitamins, addition of six vitamins plus Wilson’s liver concentrate (or 
peptone for some molds) 0.5 gm. per liter, and single omissions of each of 
the six vitamins (table 1). The yeasts were cultivated in liquid media. For 
the molds, gel-substrates were obtained by addition of 1.5 per cent purified 
agar to the liquid media. The agar was purified by prolonged extraction of 
1 pound of agar shreds in 12 liters of 5 per cent aqueous pyridine. The 
leached agar was then washed twice with several liters of ethyl alcohol, and 
finally boiled in 10 liters of alcohol for 12 hours. After filtering in a 
Buchner funnel, the material was dried in large crystallizing dishes at 60° C. 
Essentially this same method has been employed by Robbins and Ma (3) for 
cleaning agar to be used in vitamin studies. 

In a few experiments, silica gel was employed as a semi-solid substrate. 
This part of the work was performed in our laboratory by Mr. E. H. Tryon, 
who found certain deficiencies in Cytospora sp., Fomes annosus, and Coryne 
sarcoides with this method. The technique has been discussed recently in 
connection with cultivation of algae (4) and would seem to offer distinct 
advantages for cultivation of fungi in defined media. # 

All the media were adjusted to about pH 5.0 and sterilization was effected 
. m an autoclave operated at fifteen pounds pressure for fifteen minutes. Yeast 
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inoculum was prepared by transferring a small amount of stock culture into 
5 ml. of sterile basal medium free of all vitamins. After thorough mixing to 
obtain a uniform suspension of organisms, a loopful 4 mm. in diameter was 
used to inoculate each culture tube containing 5 ml. of one of the designated 
kinds of media. Duplicate sets of media were employed for each kind of 
fungus. Growth of yeasts was allowed to proceed for 72 hours at approxi¬ 
mately 25° C. Growth was estimated turbidimetrically with a Klett photo¬ 
electric colorimeter. 

The media for cultivation of molds were inoculated with very small 
amounts of mycelium or with spores transferred on a platinum wire from 
stock cultures grown on nutrient agar. The growth period varied from three 
to six weeks, depending upon the rate of development of the mold. Subcul¬ 
tures were made in sets of deficient media to check further upon vitamin re¬ 
quirements and to reduce the amounts of vitamins which may have been 
carried over with the inoculum. Growth of the molds was observed by direct 
examination. 

A summary of the growth responses of thirty-three strains of yeasts is 
presented in table 1. The code number under each species name in the table 
refers to the number in the culture collection from which the yeasts were 
derived. 

Five strains of Candida albicans appeared to be completely deficient for 
biotin, and partially deficient for thiamine. These strains were isolated 
originally from poultry or from human hosts. The strain 475 of C. albicans 
isolated from man appears to possess deficiency for some unidentified factor. 
Fair growth occurred only in the medium containing liver concentrate. The 
other species of Candida , with the apparent exception of C. chevalieri, were 
also deficient for biotin. Several of these showed partial deficiencies for 
thiamine, and C. zeylanoides gave indication of partial niacin deficiency. 

In the majority of yeasts biotin is a required growth factor. Next to 
biotin, vitamin B x deficiency appears most frequently. Pichia belgica was 
found to require biotin, pyridoxine, and thiamine; its growth was improved 
somewhat by addition of inositol. Saccharomyces bay anus required some 
accessory biotin and inositol for maximum growth. Schizosaccharomyces 
pombe grew poorly with single omissions of biotin, pantothenic acid, nico¬ 
tinic acid, and inositol. Tondopsis sphaerica failed to grow in the absence 
of biotin or niacin and also showed partial deficiency for pantothenic acid. 

Candida deformans , Chalara mycoderma, and Pichia Dombrowskii ap¬ 
pear to be deficient for thiamine but not for biotin. Candida chevalieri and 
Hansenula suaveolens showed no deficiency for any of the six vitamins, 
though much better growth of these species was obtained with liver supple¬ 
ment added to medium containing the six vitamins. Mycoderma vini grew in 
medium containing liver concentrate but not in the synthetic media. 



376 


BULLETIN OP THE TORREY CLUB 


[ VoL. 70 


The essential growth factor requirements of seventeen fungi are shown 
in table 2, It appears from the results of our work and that of others that 


TABLE 2. Vitamin requirements of molds grown in synthetic medium containing 
purified agar or silica, gel and varied supplements of six vitamins, etc; 


Species 

Vitamin requirements 

Growth in liver or 
peptone 

Hormodendron pedrosoi 

Deficient for thiamine 

Somewhat stimulated 

Phialophora verrucosa 

Deficient for thiamine 

. . fTT „ t . 

Sporotrichon schencki 

Deficient for thiamine 

Not stimulated 

Trichophyton acuminatum 

Partially deficient for 
thiamine 

Not stimulated 

T. faviforme 

Deficient for thiamine and 
inositol 

Stimulated 

T . mentagrophytes 

No deficiency observed 

Stimulated 

514 

T . mentagrophytes 

No deficiency observed 

Not stimulated 

517 

T. mentagrophytes 

No deficiency observed 

Not stimulated 

598 , 

T. mentagrophytes 

599 

No deficiency observed 

Not stimulated 

T. mentagrophytes 

No deficiency observed 

Not stimulated 

607 

T. rub rum 

No deficiency observed 

Somewhat stimulated 

T. sulphureum 

Deficient for thiamine 

Not stimulated 

T. violaceum 

Deficient for thiamine 

Greatly stimulated 

Fomes annosus* 

Deficient for thiamine 

Coryne sarcoides * 

Deficient for thiamine and 
biotin 


Cytospora sp* 

Deficient for thiamine 


Lenzites betulina 

Deficient for thiamine 



* Cultivated by E. H. Tryon in nutrient silica gel. 

the various species of Trichophyton differ in their vitamin requirements. The 
five strains of T. mentagrophytes and T. rnbrum seem to be able Ho grow 
well without the addition of any vitamins. Four other species of Tricho¬ 
phyton require thiamine, and T. faviforme appeared to be deficient for both 
thiamine and inositol. Robbins, Mackinnon and Ma (5) have recently found 
T. discoides to be deficient for* thiamine, inositol, and pyridoxine. As indi¬ 
cated in table 2, the species of fungi which live in wood, Cytospora sp., Fomes 
annosus, and Lenzites betulina are deficient for thiamine, while Coryne 
sarcoides requires both thiamine and biotin. 

SUMMARY 

Vitamin requirements of thirty-three yeasts and seventeen molds, in¬ 
cluding some important pathogens in both groups, were studied in chemically 
defined media. Biotin and thiamine deficiencies occurred most commonly. 
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Deficiencies for pyridoxine, pantothenic acid, inositol, and nicotinic acid 
were found in several yeasts. 

Osborn Botanical Laboratory, Yale University 
New Haven, Connecticut 
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INFLUENCE OF TEMPERATURE ON THE INFECTION 
OF WHEAT BY THE POWDERY MILDEW 
ERYSIPHE GRAMINIS TRITICI 1 

Robertson Pratt 

Discovery and recognition of physiologically specialized forms in the 
powdery mildews (Neger 1902, Marchal 1902) similar to those then recog¬ 
nized in the rusts and smuts initiated an avid search for more examples of 
such specialization in this group of obligate ectoparasites. Consequently, 
papers describing new species or races or extending our knowledge of the 
host range of these fungi are numerous, while there is a relative dearth of 
literature concerning other phases of their physiology. The purpose of this 
investigation was to study quantitatively the effects of temperature, daily 
period of illumination, and of humidity upon the infection of wheat, Tri- 
ticum vulgare, by the powdery mildew, Erysiphe graminis tritici. The pres¬ 
ent paper is concerned with the effects of temperature. 

methods 

Hanging drop cultures were employed for studies involving the fungus 
alone. For experiments involving mildew cultures on the host plant under 
controlled conditions, a thermostatic chamber (Trelease 1925) was employed. 
Uniform light was provided by a 1000-watt clear Mazda-C electric light lamp 
and a reflector. To exclude extraneous daylight the light assembly was sur¬ 
rounded by a truncated pyramid of galvanized iron that rested on the top of 
the incubation chamber. Between the lamp and the glass roof of the chamber 
was a water screen 25 mm. deep flowing at a rate of approximately 3.2 liters 
per hour. To insure uniform quality and quantity of radiation, bulbs were 
discarded after 500 hours of service. Tests showed that mildew response and 
development were, as far as could be determined, identical throughout this 
period. 

Stock cultures of the mildew were maintained in the greenhouse at 
16°-21° C, and experimental plants were inoculated in the manner de¬ 
scribed by Trelease and Trelease (1928). Experimental plants were grown 
in mildew-free chambers or under bell jars, and all reasonable precautions 
were taken to avoid accidental inoculation. At the beginning of each experi¬ 
ment one-half of the plants were inoculated. The remainder were left in a 
mildew-free chamber in which conditions favorable for mildew development 
were maintained. If no infection appeared among the control plants within 

i The work reported in this paper was done in the laboratory of Plant Physiology at 
Columbia University between 1931 and 1935. 
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five days, it was considered as reasonably certain that the whole set of plants 
was mildew-free at the start of the experiment. At the temperature used 
(16°-21° C), mildew becomes abundant on an infected plant in from two- 
and-one-half to three-and-one-half days. These plants were then inoculated 
and used for stock cultures of the fungus. All experimental plants were 
inoculated at about the same time of day (5:00-6:00 p.m.), so that the 
photosynthetic and metabolic products within the plants would be as nearly 
uniform as possible at the time of inoculation in the different experimental 
sets. Yarwood (1934) has shown that clover leaves removed in the evening 
are more susceptible to Erysiphe than those removed in the morning. De¬ 
tailed methods and deviations from this general mode of procedure are noted 
under the experiments concerned. 

A virulent strain of mildew which had been maintained in the green¬ 
house for several years was used. It was not deemed necessary to make a 
single-spore isolation of the mildews, since very consistent and reproducible 
results were obtained in all experiments, indicating that if two or more 
strains of the fungus were present they were equally and similarly sensitive 
to the experimental conditions imposed upon them. In all experiments, Mar¬ 
quis, a Spring variety of wheat was used as the host. Plants were grown in 
ordinary loam in four-inch clay pots, about 50 plants in a pot, and were 
inoculated when the first leaf was fully expanded. 

RESULTS 

Table 1 and figure 1 show the effect of temperature upon mildew develop¬ 
ment on wheat plants exposed to twelve hours illumination daily. In all tem¬ 
perature experiments eight pots of plants (about 400 seedlings) were used 
and each experiment was duplicated. Thus the averages are for 16 sets of 
plants. High humidity was provided by hanging water-soaked towels around 
the inside of the incubation chamber. The data in table 1 indicate that the 
optimum temperature for mildew infection on wheat under the conditions 
of these experiments is about 20° C. From -2° to 15° C the rate of mildew 
growth increased rapidly and the effect of temperature on the relative rates 
of early and late stages of development was about the same (column 5), al¬ 
though the maximum virulence of infection at - 2° C was somewhat less than 
at higher temperatures (column 6). At the optimum temperature (20° C) 
the processes concerned with maturation and the formation of conidia pro¬ 
ceeded relatively about twice as rapidly as at the low r er temperatures (column 
5). A slight further rise in temperature, however, while not appreciably 
altering the rate of early growth (column 2) exerted a relatively pronounced 
effect on the stages of development concerned with vegetative maturation 
(column 5). At 30° C no macroscopic indications of infection were found. 
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TABLE 1. Effect of temperature upon incubation period (time required for mildew 
to appear) and maturation period (time required for development of conidia minus incu¬ 
bation period) 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 


Average 

Average 
time for 

Average 

Maturation Period 

Virulence 

of 

Temp. 

incubation 

maturation 

infection 

period* 

appearance 
of conidia 

period** 

Incubation ‘ ( 

(approxi¬ 

mate) 

-2°C 

17.5 days 
9.75 “ 

28.25 days 

10.75 days 

0.614 

-H-f 

+ 5°C 

16.00 “ 

6.25 “ 

0.642 

-H-4-H- 

10°C 

6.25 “ 

10.00 “ 

3.75 “ 

0.600 

. 44-H-+ 

15 °C 

3.25 “ 

5.25 “ 

2.00 “ 

0.615 

1 It-H- 

20°C 

2.50 “ 

3.25 “ 

0.75 “ 

0.300 

-H-H-f 

25°C 

2.50 “ 

3.75 “ 

1.25 “ 

0.500 

i l 1.1 1 

TTTTT 

30°C 




. 

. 


» Time elapsed between inoculation of the plants and the first macroscopic signs of 
infection. 

b Time required for appearance of first conidia minus incubation period. 

Compared with many saprophytic and parasitic fungi, Erysiphe appears 
to have a very low maximum temperature for infection, although Maneval 
(1922) reported that for twenty species of rusts the maximum temperature 
for germination of teliospores is less than 30° C. High temperature might 
prevent infection by a direct deleterious effect upon the fungus either before, 
during, or after germination of the conidia or by causing changes in the 
metabolic products or processes of the host that render it unsuitable for sup¬ 
porting the parasite. These possibilities were examined. 

Large numbers of conidia were used to determine the effect of tempera¬ 
ture upon spore germination in tap water. Hanging drops containing from 
two to three hundred spores each were kept in darkness at the different tem¬ 
peratures and after twenty-four hours the spores were killed by placing a 
little formalin in the bottom of the chambers. The total number of spores and 
the number of germinated spores were then recorded. The data obtained are 
presented in figure 2, which shows that maximum germination occurred from 
15° to 20° C. Either side of that range, germination fell off abruptly. At 
35° C there was no germination at all in twenty-four hours, and the spores 
lacked their natural clear hyaline appearance. Instead, the contents appeared 
granular and coagulated. The effect of temperature upon spore germination 
will be referred to below. It suffices here to note that failure to obtain infec¬ 
tion of wheat at 30° C was not due to failure of spores to germinate, since 
germination at that temperature was of the same order of magnitude as at 
- 2° C, where good infection occurred. 

Wheat plants grown from seed at 30° C until the first leaf was fully ex¬ 
panded were inoculated, and at regular intervals two pots of the inoculated 
plants were transferred to a chamber at 20° C and the remainder were left at 
30° C. Minute white patches of mycelium appeared in two and a Iialf days 
and numerous conidiophores appeared a day later on the plants at 20° C, 
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but no signs of mildew appeared on those at 30° C even after one week. Micro¬ 
scopic investigation of these leaves revealed no stages of mildew development 
beyond the production of germ tubes from thirty to forty microns in length. 
No penetration of the host tissue by the fungus could be found. It may be 
concluded from these experiments that exposure of wheat seedlings to a tem¬ 
perature of 30° C for the first five days of growth does not produce any 
change which seriously impairs their normal capacity for supporting mildew 



Fig. 1. Time required for development of mildew infection on wheat plants at different 
temperatures. 


(table 2). In another experiment, plants were grown at 20° C until the first 
leaf was expanded. Then the plants were inoculated. Half the pots were kept 
at that temperature, while the remainder were removed to a thirty-degree 
chamber. Each morning and evening (8: 30 a.m. and 6:30 p.m.) thereafter, 
two pots from each set were exchanged—i.e., two from the lower temperature 
were removed to the thirty-degree chamber and vice versa. The results are 
presented in table 2. 

Two-and-one-half days after inoculation the plants continuously at the 
lower temperature from the start had minute patches of mycelium on them 
and one-and-one-half days later numerous conidiophores. Plants left at 20° C 
less than forty-eight hours before transference to 30° C showed no macro¬ 
scopic signs of infection after four to five-and-one-half days at the higher 
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TABLE 2. Effect of transferring plants grown at moderate and high temperatures 
to high and moderate temperatures, respectively, at regular intervals after inoculation 


Bays at 
20° C 
after 
inocu¬ 
lation 
0.0 
0.5 
1.0 

1.5 
2.0 

2.5 
3.0 


Development of mildew on plants grown at 20° C and transferred to 
30° C at regular intervals after inoculation 


No macroscopic signs of mildew on any of these plants after 5.5 days 

(( tt tt tt tt nan tt a u QQ tt 


tt i < it tt t t tttttt 

tt a n tt tt u tt 11 

Small white tufts of mycelia present after 

i t it tt tt tt tt tt 


11 
11 


and a few conidia after 


4.5 " 

4.0 “ 

3.5 “ 

3.0 “ 

2.5 “ 


Days at 
30° C 
after 
inocu¬ 
lation 
. 0.0 
0.5 
1.0 

1.5 
2.0 

2.5 1 
3.0 


Development of mildew on plants grown at 30° C and transferred to 
20° C at regular intervals after inoculation' 


Few small mycelial patches present after 2.5 days, conidia after 3.5 days 

t i t i a a tt a 2,5 < ‘ * t a a tt 

i ( “ li li u u 3.0 “ , few conidia after 5.0 days 

No mildew development macroseopically apparent after 5.0 days 

a it a tt tt 11 5 q ti 

a a it a tt n 50 11 

an tt 11 tt a 5'Q 11 


temperature. Those transferred after forty-eight or sixty hours had only 
minute white flecks after an additional eighty-four or seventy-two hours, 
respectively, at the higher temperature. These plants were then returned to 
the lower temperature, but no further development of the mildew occurred. 
Microscopic examination showed the hyphae to be shrunken and shriveled. 
Plants removed from 30° to 20° C twelve hours after inoculation developed 
mycelial patches on their leaves two and a half days later or three days after 
inoculation. These plants never became so heavily infected as those at a fa¬ 
vorable temperature from the start. Evidently a few spores and germ tubes 
were capable of withstanding the high temperature for several hours and 
when they were placed in favorable conditions they established infection. 
Similarly, plants at 30° C for twenty-four hours after inoculation showed 
sparse my celia three days later, or four days after inoculation. A few conidia 
appeared six days after inoculation. From these results it seems safe to con¬ 
clude that the harmful effect of high temperatures is primarily a direct one 
on the fungus and that the host plant is not directly involved. 

Figure 2 indicates the effect of temperature upon the germination of 
conidia in tap water. A net micrometer was used for counting, and only 
spores within a given area in the center of eacK drop were counted. This pre¬ 
caution reduced the error which might have arisen, from differential ex¬ 
posure of spores in different regions of the drop, if all spores in a given drop 
had been counted. The controls indicated that about 1.5 per cent of the spores 
in a drop might already have germinated at the time of mounting the prepa- 




1943] 


PRATT: POWDERY MILDEW 


383 




Fig. 2. Influence of temperature upon germination of powdery mildew spores after 
24 hours in tap water. Fio. 3. Influence of temperature upon growth of the germ tube 
of powdery mildew conidia in tap water 48 hours. 


ration. Therefore germination percentages below this figure,—i.e., 35° C— 
represent no germination at all. A comparison of figures 1 and 2 shows that 
infection does not occur over as wide a range as germination. This is due to 
failure of the parasite to penetrate into the host tissue at temperatures over 
25° C. 
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The hanging drop method of investigating spore germination has been 
subjected to adverse criticism by Duggar (1901), Doran (1922), and McCal- 
lan and Wilcoxon (1932). However, since large numbers of spores distributed 
in many drops were used and since the figures obtained were easily repro¬ 
duced in later experiments under similar conditions, it seems reasonable to 
consider the data that are plotted in figure 2 reliable. 

Perhaps, as Brown (1922) has suggested, a more accurate measure of 
the early growth and development of a fungus is obtained from the average 
length of the germ tubes than from the percentage of germination. Figure 3, 
in which the average germ-tube length in microns after 48 hours is plotted 
against the temperature is intended to show the relation of temperature to 
the early growth of Erysiphe as indicated by this criterion, Spores were 
mounted in hanging drops of tap water and measurements were made forty- 
eight hours after mounting. After longer periods of time it was impossible 
to measure accurately the specimens at 15°, 20°, and 25° C. Mvcelia of 
Erysiphe graminis regularly penetrate a susceptible wheat leaf in twenty- 
four to seventy-two hours depending on the temperature. These data show 
that by this criterion also the optimum temperature is 20° C and that as the 
temperature differed from that value the mildew growth decreased. The de¬ 
crease in growth was, however, far more abrupt above 20° C than below 
that point. The data plotted in figures 2 and 3 are essentially alike in that 
development drops off more abruptly above the optimum than below it. The 
germination curve, however, indicates a wider optimum range than the one 
for early growth of the fungus. 

summary 

A study was made of the effect of temperature upon the infection of wheat 
(Triticum vulgare) by the powdery mildew, Erysiphe graminis tritiei. Under 
the conditions of the experiments (12 hours of illumination daily from a 1000 
watt Mazda lamp and high relative humidity) infection occurred from -2° 
to 25° C. The optimum temperature for infection was 20° C. No macro- 
scopically visible signs of infection were observed above 25° C. 

Spores of the fungus suspended in tap water germinated readily from 
- 2° to 30° C. The optimum temperature for the germination of spores and 
for growth of the young germ tubes was 20° C. 

Failure of wheat plants to become infected at 30° C was due to inability 
of the young fungus mycelium to tolerate the high temperature. 

University of California College of Pharmacy 
San Francisco, California 
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NOTES ON PLANTS OF THE PACIFIC ISLANDS—III 1 

F. R. Fosberg 

In this paper are presented taxonomic, nomenclatural, and distributional 
notes on plants from the Hawaiian Islands, the New Hebrides, and Christ¬ 
mas Island. New species, varieties, combinations, or names are proposed in 
Anectochilus, Gouldia , Timonius, Coprosma , and Dubautia, with general 
notes on Nephrolepis, Adiantum, Lygodium, Azolla , Cyperus , Portulaca , 
Spergularia, Leucaena , Phaseolus, Abutilon, Hibiscus , Malachra, Man- 
randya , Ruellia, Gouldia , Coprosma , Borreria, Richardia , Elephant opus, 
Pseudelephantopus, Ageratum, and Solidago. Herbarium abbreviations are 
BISH for Bishop Museum, F for Field Museum, A for Arnold Arboretum, 
D for Otto Degener private herbarium, HARV for Harvard Botanical Mu¬ 
seum, ITS for U. S. National Herbarium, and USNA for IT. S. National 
Arboretum. 


POLYPODIAOEAE 

Nephrolepis biserrata (Sw t .) Schott. This is the fourth species of this 
genus to be found in the Hawaiian Islands. It was found growing on Oahu, 
probably indigenous, in a small pit in coral limestone on the Ewa Coral 
Plain, Jan. 12,1936, Fosberg 12806 (BISH) (det. R. C. Benedict). 

Nephrolepis biserrata var. furcans Hort. This remarkably stable hor¬ 
ticultural variety has become established and forms a considerable colony 
around the abandoned settlement at the mouth of Wailau Valiev, Molokai, 
Dec. 28,1936, Fosberg 13453 (BISH) (det. II. C. Benedict). 

Nephrolepis oordifolia (L.) Presl. Although this species has been com¬ 
monly regarded by previous writers as introduced in the Hawaiian Islands, 
its frequent occurrence as a part of the undisturbed cloud forests of the 
mountain ranges, and its absence from the lowlands indicate that it is in all 
probability native. This fern was reported from the Hawaiian Islands by 
Edward Bailey in Hawaiian Ferns , 48 (1882). The following collections 
(except Topping 3808) were kindly determined by R. C. Benedict. Lanai: 
Lanaihale ridge, Fosberg 12437 (BISH). Molokai: top of cliff at head of 
Wailau Valley, Fosberg 13368 (BISH). Oahu : Koolau Mts.: top of cliffs 
at head of Haiku Valley, Heeia, Fosberg 13870 (BISH); peak at head of 
Waiawa trail, Fosbtrg & Hosaka 13912 (BISH); main divide between 
Waikane Valley and Waikakalaua Gulch, Fosberg & Hosaka 13928 (BISH); 
main divide near top of Castle Trail, Kaipapau, Fosberg & Hosaka 13954 
(BISH); crest of mountains above Kaipapau Gulch, Fosberg & Egler 14227 
(BISH); Laie Trail, Kakawainui-Ihiihi ridge, Laie, Fosberg 14235 t . (BISH, 
USNA) ; MaukaLaie, Gold Brick Hill, Topping 3808 (USNA). 

i See Bull. Torrey Club 65: 607-614. 1938; 67: 417-425. 1940. 
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KEY TO HAWAIIAN SPECIES OF NEPHROLEPIS 

A. Pinnules linear-lanceolate, attenuate toward apex, frond flat. 

B. Bhacliis densely tawny or rusty woolly N. hirsutula (Forst.) Presl 

(on the basis of Degener, Flora Hawaiiensis 17: NH, 9/9/ *38 and of 
Topping 2705 (USNA)) 

BB. Bhacliis not densely woolly, somewhat scaly or scurfy. 

N . biserrata (Sw.) Schott 

(form with apices of pinnules forked is var. furcans Ilort.) 

AA. Pinnules oblong or oblong-lanceolate, acute to rounded at apex. 

0. Frond flat, narrow, 5 cm. or less wide, glossy above, pinnules oblong, 

rhaeliis densely covered with red-brown scales, stolons often tuberifer- 

ous AT. cordifolia (L.) Presl 

CO. Frond trough-shaped, usually broader, rhachis thinly tawny scaly, 

stolons not tuberiferous . . N. exaltata (L.) Schott 

Adiantcm cpneatum Langsd. & Fisch. Some of the Hawaiian material 
commonly referred to A diantum capillus-veneris L., regarded as native in 
the islands, is to be referred to the introduced A. cuneatum , probably escajied 
from cultivation. Dr. W. It. Maxon informs me that a reliable key character 
for distinguishing the two is that in A. cuneatum the veins of the sterile 
pinnules end in the sinuses between the teeth while in A. capillus-veneris 
they end at the apices of the teeth. Completely fertile specimens are often diffi¬ 
cult to determine. 

Hawaiian Islands: Hawaii: Hills above Akaka Falls, Honomu, Dec. 
8, 1933, Fosberg 10470 (BTSH, USNA). Oahu : Carter Ranch, upper Manoa 
Valley, Honolulu, Sept. 26, 1932, Fosberg 8861 (DISH, USNA) ; Niu Val¬ 
ley, June 4, 1932, Topping 3532 (USNA); Honolulu, cultivated, April 1, 
1933, Fosberg !)376 (BISH, USNA). 


SC IIIZAE APEAK 

Lygodium jafonicum Sw. This climbing fern may be reported as semi- 
established around an old garden at Puueo, Hilo, Hawaii, Aug. 6, 1936, 
V. 0. Fosberg 34 (BlSIi). 

SALVINIAPEAE 

Azolla filiculoides Lam. This floating water fern appeared in the taro 
patches and irrigation ditches of Oahu about 1934, and soon became ex¬ 
tremely abundant. H. L. Lyon has told me that in 1926 he introduced Azolla 
caroliniana into the islands at the request of the mosquito abatement com¬ 
mittee. The latter plant evidently did not become established, though the one 
now common in the taro patches has been misidentified as that species. Ex¬ 
amination of fruiting specimens (Fosberg 13833) of the plant now in the 
islands shows that it is A. filiculoides , which has, among other characters, 
non-septate glochidia or barbed hairs on the microspore masses, rather than 
septate ones as in A. caroliniana. 

Hawaiian Islands: Oahu: Honolulu, Waikiki, Fosberg 13815 (BISH); 
Honolulu, Manoa Valley, May 22, 1937, Fosberg 13833 (BISH, USNA). 

ORCTTIDACEAE 

Anectochilus apiculatus L. 0. Williams and F. R. Fosberg, sp. nov. 
Herba pallide viridis; flos pallide flavo-viridis, calcari extus non valde 
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geminato, mesochilo subtus laterale bidentato, anthero apiculato, mesochilo 
epichiloque quam in A . sandvicenso valde brevior. 

Pale green herb with succulent ascending or subdecumbent stems up to 
25 cm. long, 3-5 mm. thick, glabrous except the inflorescence, prostrate and 
rooting at nodes in lower portion; leaves ovate to elliptic-ovate, 5-8 cm. long, 
2.5-4 cm. wide, apex obtuse to acutish, base rounded to subcordate, narrowed 
to a distinct membranous petiole 3-10 mm. long, expanded and inflated be¬ 
low into an amplexicaul sheath about 1 cm. long on the petiolar side, 4 mm. 
long on the reverse, lamina membranous; spike 5-10 cm. long on a peduncle 
3-5 cm. long, uppermost 1 or 2 leaves reduced to bracts; flowers somewhat 
loosely arranged, subtended by ovate scarious membranous bracts about 10 
mm. long, about as long as the ovary and enclosing it at base; flowers pale 
yellowish green, about 12-15 mm. long, ovary lance-ovoid, about 10 mm. 
long, 1.5-2 mm. thick near base, apex subacuminate, tending to be incurved, 
dorsal sepal ovate, 4.5 mm. long, blunt and slightly cucullate at apex, lateral 
sepals 6 mm. long (over all), obliquely oblong-orbicular, obtuse, with base 
obliquely cordate, greatly enlarged on lower side, this basal lobe subsaccate, 
margins entire, texture membranous; petals 4.5 mm. long, sublunate-ovate, 
bluntly subacuminate, membranous, margins erose; lip 7.5 mm. long, with 
a short pouch-like spur 2 mm. long, enclosed by the bases of the sepals, spur 
scarcely geminate externally, divided within into two cavities by a longi¬ 
tudinal septum, each cavity containing a subereet finger-shaped callosity, 
mesochile 5 mm. long, about 1.5 mm. wide but inrolled into a tube, with 2 
forward-pointing pairs of sub-fleshy teeth about two thirds the distance from 
base on lower side of the mesochile, distal pair 0.75 mm. long, lower pair 0.5 
mm. long, epiehile obcordate, 4 mm. wide, 2.5 mm. long, sinus 1.5 mm. deep, 
lobes rounded; column 2.5 mm. long; anther ovate, 3 mm. long, somewhat 
apiculate, twisted slightly to one side, brown with whitish margins, cymbi- 
forin; fruit fusiform, 1 cm. long, 3 mm. thick, green. 

Hawaiian Islands: Molokai: head of Wailau Valley, trail up Waiakea- 
kua-Waiokeela ridge, on steep ridge shaded in wet forest, alt. 750 m., Dec. 
27, 1936, Fosberg 13448 (HARV— type, USNA, BISH). 

This species may be distinguished from the commoner A. scmdvicensis by 
its smaller, greenish rather than bright yellow flowers, lip with spur not con¬ 
spicuously geminate externally, with mesochile conspicuously shorter and 
with two pairs of subfleshy teeth on the lower side rather than many or no 
membranous ones, with epiehile much shorter, and the anther apiculate 
rather than acute. 

A somewhat similar plant was found in wet woods in the mountains be¬ 
hind Hauula, Oahu, some years -ago by Mr. H. Morley, but the specimen was 
unfortunately lost. 

caryophyllaceae , 

Spergularia marina (L.) Griseb. Spic. FL Hummel, et Bith. 1: 213. 
1843. Armaria mbra (3 marina L. Sp. PI. 423. 1753. Armaria marina Al- 
.lioni, F. Pedem. 2 : 114. 1785. Spergularia salina J. & C. Presl, FI. Ceeh. 95. 
1819. 

The correct name for the plant referred by me to Spergularia salina in a 
previous paper (Occ. Pap. Univ. Haw. 32 : 5. 1937) is S. marina. ]?or fur¬ 
ther synonymy and discussion see Rossbach, Rhodora 42 : 123-137 (1940). 
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MALVACEAE 

Malachra alceifolia Jacq. Collect. 2: 350. 1788; Ic. Rar. 3: pi. 549. 
1786-1793. Malachra rotundifolia Schrank, PI. Rar. Hort. Mon. pi. 56. 
1819. 

A coarse, hispid herbaceous perennial 0.5-2 m. tall; stems with close stel¬ 
late pubescence as well as sparse long stiff hairs; leaves 7-10 cm. across, 
roundish in general outline, shallowly 5-lobed, palmately veined, subcordate, 
obtuse or acutish, irregularly serrate, somewhat pubescent on veins, petioles 
5-9 cm. long, closely stellate-pubescent; stipules filiform, about 15 mm. long, 
sparsely hirsute; flowers yellow, in compact axillary clusters on peduncles 
up to 15 mm. long, these densely stellate-pubescent, clusters surrounded by 
3-4 broadly cordate bracts, these somewhat lobed, acute, sparsely hirsute, 
variegated; flowers few in a cluster, calyx about 6 mm. long, tube white, 
striped with brown, lobes lanceolate, long-hirsute; corolla hairy 12-15 mm. 
long; stigmas irregular in shape, ovary 5-celled, ovules 1 in a cell; fruit sub- 
globose, splitting into 5 parts, these 3 mm. long, larger distally, puberulent, 
light brown with darker reddish-brown veins, splitting open along the lower 
two thirds of the inner angle; seeds dull sooty brown, same shape as carpel, 
free from carpel wall. 

Hawaiian Islands: Oahu*. Ivawailoa School, Waialua, Oct. 1936, A, 
Miyake (BISH, U8NA). 

Found growing in a vacant lot; a native of tropical America evidently 
recently introduced into Hawaii. 

SCROPHULARIAOEAE 

Maijrandya erubescens (Don) Gray. The plant usually called Man - 
randya scandens in the Hawaiian Islands, an introduced vine with densely 
pubescent leaves, has been identified by Dr. F. W. Pennell as M. erubescens , 
a native of Mexico. The true M. scandens is a glabrous plant. 

Hawaiian Islands: Hawaii: Volcano Road near Naalehu, alt. 200 ni., 
Fosberg 10140 (BISH, USNA). Oahu : near H. S. P. A. Arboretum, Carter 
Ranch, Manoa Valley, Fosberg 8859 (BISH, USNA), Fosberg & Duker 8940 
(B1SH). 

ACANTHACEAE 

Ruellia graecizans Backer, Brittonia 3: 85. 1938. This plant has been 
called li. amoena Nees and R. ventricosa Kuntil, but neither of these names 
is valid. It is a small herbaceous species with dark green ovate to lanceolate 
leaves and horizontal tubular red flowers. It has become rather common as 
a garden weed in various parts of Honolulu and has been said to occur on 
Maui, but the Maui report is not substantiated by a specimen. I am indebted 
to Mr. E. C. Leonard for calling my attention to Backer’s publication. 

Hawaiian Islands: Oahu: Honolulu, Fosberg 14222a (BISH). 

RUBIACEAE 

Gouldia Gray. Since the publication of my revision of this Hawaiian 
genus (Bish. Mus. Bull. 147: 1-82. 1937) the following observations have 
accumulated, and a number of typographical errors have been detected, 
which are here listed with corrections. 
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p. 4—footnote—for 181 read 81 
p. 19—line 23—for 77 read 80 
p. 20—line 9—for 58 read 62 
lino 11—for 62 read 58 
line 46—for 58 read 61 
p. 21—line 2—for .82 read 97 
line 7—for 40 read 43 
p. 22—line 45—for 82 read 83 
line 49—for 81 read 82 
p. 43—line 17—for 12782 read 12781 

p. 25—in the synonymy of Gouldia terminalis insert Hedyotis ohamissoniana Steud. 
Nom. ed. 2, 1: 727, 1840. 

Gouldia on the island of Lanai : The recovery of the forests on the island 
of Lanai after almost complete destruction by introduced grazing animals 
(see Posberg, Mid-Pacific Mag. April-June 1936: 119-123. 1936) has, in all 
probability, resulted in a forest of considerably different floristic composition 
from that originally existing there. However, there is no way of demonstrat¬ 
ing this conclusively, as we know little about the original forest. 

During a visit to Lanai in 1935 I made rather extensive collections of 
Gouldia, making a particular search for the several varieties known from 
earlier collections. It was thought that a search especially for Gouldia should 
easily reveal all varieties which had turned up previously in more general 
collecting. 

Complete identification of the specimens collected on this trip has shown 
that some varieties are very rare, while one was not found at all. G. termi¬ 
nalis var. pseudodichotoma was represented only by Fosberg 12411; G. ter¬ 
minalis var. lanai only by Fosberg 12579; G. terminalis var. subcordata by 
three collections, Fosberg 12599 , 12412 , and 12606. Fosberg 12502 seems to 
be a hybrid, G. terminalis var. subcordata x var. pseudodichotoma, and 
Fosberg 12572 another, G. terminalis var. subcordata x var. bobeoides. G. 
terminalis var. bobeoides was not represented at all in the collection except¬ 
ing possibly as one parent of this latter hybrid and one mentioned below. 
The above collections all came from the gulches, in sheltered localities. 

The plants from the ridges and summits, where Gouldia was quite abun¬ 
dant, were, with the exception of one collection, all Gouldia st.-johnii var. 
munroi or hybrids between this and varieties of G. terminalis. All collections 
of G. st.-johnii var. munroi numbering fourteen, came from ridges and sum¬ 
mits, where some grew in much-exposed places. It is one of the really abun¬ 
dant plants in the scrub forest that is revegetating these ridges. Whether in 
the original forest this distribution was characteristic, or whether G. st.- 
johnii is a very aggressive pl$nt and especially able to colonize denuded 
areas is difficult to know. Unfortunately we have a very incomplete picture 
of the original forest covering of Lanai. It should be remembered that G. st.- 
johnii var. typica , of Oahu, is a plant of exposed ridges and summits. 

Of hybrids involving G. st.-johnii var. munroi two were represented by 
one collection each and were found in gulches only. These were G. st.-johnii 
var. munroi x terminalis var. bobeoides (?), Fosberg 12495 , and G. st.-johnii 
var. munroi x terminalis var. lanai, Fosberg 12584 . G. st.-johnii var. munroi 
x terminalis var. pseudodichotoma is represented by four collections, nos. 
12398,12373,12484, and 12594. The first three were on ridges, the last in a 
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gulch bottom. G. st.-johnii var. munroi x terminalis var. subcordata is repre¬ 
sented by Fosberg 12477 and 12482 , both from ridges. 

A set of all the above collections is deposited in the Bishop Museum. 

One collection, from a rather dry ridge, proves to be the following previ¬ 
ously described form of G. terminalis var. ovata: 

Gouldia terminalis var. ovata f . obovata Fosberg, f. now Arbor glabra, 
ramulis angulatis; folia obovata eoriacea; thyrsus hemisphaericus, peduncu- 
lis suberosis. 

Tree up to 3 m. tall, branchlets strongly angled, internodes 0.5-2 cm. 
long, mostly about 1 cm., branches appearing dichotomous through the death 
of terminal inflorescences and development of a pair of branches from the 
basal node; leaves obovate, up to 6 cm. long and 3 cm. wide, coriaceous, apex 
obtuse to rounded, base strongly and abruptly contracted, obtuse to rounded, 
margin revolute, petiole up to 1 cm. long, about 1 mm. thick; stipules strongly 
carinate; thyrse hemisperical, up to 4 cm. long and 3 cm. wide, peduncle 
corky in fruit; flowers not known ; fruit less fleshy than usual in this genus. 

Hawaiian Islands: Lanai : ridge below Puu Aalii, between Maunalei 
and Hauula drainages, rather drv forest, alt. 800 m., Nov. 30, 1935, Fosberg 
12472 (USNA— type, BLSH). 

Differs from f. euovata in the smaller, plane, broadly obovate leaves, 
rounded or obtuse at both ends. This form extends the distribution of var. 
ovata to Lanai, where it seems logical that it should be found. 

Gouldia terminalis var. ovata f. santalifoija Fosberg. Material col¬ 
lected by Dcgener , no. 12522b (D, USNA), from southeast ridge of Iao Val¬ 
ley, west Maiti, Hawaiian Islands, gives this form a somewhat broader dis¬ 
tribution than known formerly. Heretofore, on Maui it has only been found 
in Olowalu Valley. The leaves of this collection are somewhat broader than is 
usual in this form, and not folded. 

Degener’s no. 12522 contained two sheets of f. santalifolia , several sheets 
of G. terminalis var. eordata f. en eordata , and a considerable number of 
sheets of a form that seems to be a hybrid between them. The latter is so 
distinctive in appearance that, had not the two presumed parents been 
present, I should probably have described it as a new form of var. ovata. 
It is glabrous, with angled long branchlets as in var. eordata , oblong to 
elliptic leaves and small spherical thyrses as in f. santali folia, these appear¬ 
ing very compact. The node at the base of the thyrse, in many specimens, 
gives rise to two leafy branches, a character not common in the parents but 
suggesting var. psendodichotoma of Lanai. 

Gouldia terminalis var. parvula f. impressa Fosberg, f. now Arbor, 
ramulis non valde eondensatis; folia oblonga vel obovata, obtusa, subtus 
pilosa. 

Tree 15 feet tall, trunk 8 inches thick, branchlets strongly hirtellous, not 
strongly reduced, internodes 5-10 mm. long even in terminal portions; leaves 
oblong to obovate, up to 3.5 (rarely 5) cm. long, 2 (rarely 2.5) cm. wide, 
usually about half that size, obtuse or rounded at both ends, blade conspicu¬ 
ously pilose beneath, veins strongly impressed above, petiole 2-5 mm. long, 
glabrous. 
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Hawaiian Islands: Maui (east): Paliku, Haleakala, Aug. 5, 1939, 
Degener 12521 (D— type). 

This form seems intermediate between f. euparvifoUa and f. subpilosa , 
having the abundant pubescence and smaller leaves of the former, and the 
open habit of the latter, and differs from both in having both the apex and 
base of the leaves obtuse or rounded. 

Gouldia terminals var. pubescens x var. parvifolta f . impressa. Like f. 
impressa but branchlets pubescent, internodes more elongate, leaves larger, 
more pubescent beneath. 

Hawaiian Islands: Maui (east): Paliku, Haleakala, Degener 12526 (D, 
USNA). 

This is probably the correct disposition of this collection. ^The petioles 
are a trifle long for either parent. Perhaps a form of var. avata may be in¬ 
volved, but none is known from this vicinity. Satisfactory disposal of the 
Oouldias from Maui awaits an opportunity for a careful field survey and 
extensive collecting. 

Gouldia terminals var. kapuaensis f. violetae Posberg, f. nov. Hamuli 
rigidi teretes, minute hirtelli; folia oblanceolata vel anguste elliptica, obtusa 
vel acuta, coriacea, subtus hirtella; thyrsus hirtellus; hypanthium hirtellum. 

Shrub 1.5 m. tall, branchlets stiff almost to the tips, terete, minutely 
hirtellous; leaves oblanceolate to narrowly elliptical, up to 10 cm. long, 3 cm. 
wide, apex obtuse to subacute, coriaceous, hirtellous beneath, especially on 
the midrib, margin closely revolute, petiole up to 14 mm. long, about 1 mm. 
thick; thyrse about 2 cm. long, hirtellous; hypanthium somewhat hirtellous. 

Hawaiian Islands: Hawaii: Kau, between west and east arms of the 
1907 flow, on dry lava, Aug. 10, 1936, V. 0. Fosberg 49 (BISH— type). 

Much like f. pittosporoides but very hairy and differing somewhat in leaf 
shape and slightly longer petiole. Named for the collector, Violet 0. Posberg. 

Gouldia terminalis var. macrocarpa f. ctjneata Posberg. Degener’s 
collection cited below contains material with relatively large, somewhat 
obovate leaves 5-7 cm. long and 2.5-3.5 cm. wide, with the midribs hirtellous 
beneath, and also specimens with small oblong, somewhat revolute leaves, 
not so hirtellous, 3-4 cm. long, 1.5-2 cm. wide. These could scarcely have 
come from the same tree. The larger-leafed specimen corresponds well with 
f. cuneata, though the leaf bases are scarcely cuneate. This is a marked ex¬ 
tension of the range of this form, known previously only from the plateau 
and western slope of the mountain of Kauai. 

The small-leafed portion of this collection might be placed in f. sclero - 
phylia , though the leaves are too thin and mostly too pubescent. It seems 
more likely, because of the restricted known distribution of f. sclerophylla 
and the discrepancies in leaf thickness and pubescence, that it is a hybrid 
between var. macrocarpa f. cuneata and var. osteocarpa, which latter is 
known to be widespread at low elevations on Kauai. The small-leafed plant is 
in flower while the large-leafed one has fruits which are enlarged because of 
insect attack. 

Hawaiian Islands: Kauai: Kalualea, Koloa, alt. 1500 ft., Degener & 
Ordonez 12645a (large-leafed) and 12645b (small-leafed) (D, USNA). 
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Gouldia hillebrandii var. nodosa Fosberg. Two Degener specimens, 
collected near Mt. Eke, Maiji, Hawaiian Islands, July 2, 1927, have the 
thyrses glabrous or almost so and seem in almost every other respect to fit 
var. nodosa rather than var. typica. One of them has the budding thyrses 
below the leaves, the other is in fruit. With the exception of the position of 
the inflorescences, a rather weak character, they match var. nodosa and may 
be regarded as extending the range of this variety to Maui. 

Timonius kajewskii (Guill.) Fosberg, comb. nov. Ouettarda kajewskii 
Guillaumin, Jour. Arnold Arb. 13: 6. 1932. 

This species, described from flowering material from the New Hebrides, 
Aneityum, Kajewski 724 (A —type, US), was known to its author in flower 
only. Another specimen, Kajewski 826 (A, US), collected at the same local* 
ity, referred to Guettarda sp. by Guillaumin, is vegetatively identical, but 
bears peduncles with single fruits subtended by 2 vestigial bracts. The purple 
fruits are cylindrical, somewhat compressed, and with the apex prolonged to 
a point. They have the 12 cells sclerified, arranged in two parallel rows and 
fused into a ribbed stone. There seems little doubt that this plant is a fruit¬ 
ing specimen of Guillaumin’s species, and that it should be referred to the 
genus Timonius , where its nearest relative is T. smithii Fosberg of Fiji (see 
Fosberg, Sargentia 1: 121. 1942). 

Coprosma Forst.. 

Oliver’s key (Bish. Mus. Bui. 132: 28. 1935) separates C. elliptica from 
the C. montana group by the following contrast of characters: 

Leaves with few secondary nerves, under 20 mm. long C. elliptica. 

Leaves penninerved; over 20 mm. long Group of C. montana . 

Although this will correctly separate the majority of specimens, my col¬ 
lections of C. montana var. erassa, nos. 9910 and 9977 (BISH), both from 
the upper part of Haleakala, Matti, Hawaiian Islands, and even a collec¬ 
tion of C. oehracea var. typica, no. 10036 (BISH, USNA) from Puu Kukui, 
Maui, have such small leaves and few nerves that they would go into G. ellip¬ 
tica, which they do not resemble. The following supplementary key will sepa¬ 
rate these small-leafed forms: 

Ultimate branchlets 1-1.5 nun. thick C. elliptica. 

Ultimate branchlets 2 mm. or more thick, stiff. 

Pubescence short, inconspicuous C. montana var. erassa. 

Pubescence hirsute, dense C. oehracea var. typica. 

Coprosma elliptica Oliver. A collection made in Alakai Swamp, Kauai, 
Hawaiian Islands, Fosberg 12764 (BISH, USNA) has the pubescence much 
more sparse than, according to Oliver’s description, the species ordinarily 
shows. 

Coprosma pubens var. typica Oliver. This variety seems to be much 
more variable than Oliver’s discussion (Bish. Mus. Bui. 128: 171. 1935) 
would indicate. Of a series of collections from the Haiku ITka Trail, Makawao 
I)ist., Maui, Fosberg 9847 (BISH, USNA) has leaves with blades 35-60 mm. 
long, fruiting peduncles up to 20 mm. long, bearing either 1 or 3 clusters 
of orange colored fruits; Fosberg 9881 (BTSH, USNA) has even smaller 
leaves, and peduncles tending to be slightly compound, fruits globose, 5-6 
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mm. across, orange; Fosberg 9851 (BISH, IJSNA) has peduncles up to 30 
mm. long, rarely compound, when simple having an articulation part way 
up bearing a small stipular sheath. 

Coprosma longifolia Gray var. longifolia (Gray) Fosberg, nom. nov. 
Coprosma longifolia Gray, Proc. Am. Acad. 4 : 48. 1860. 

This is the typical element of the species as described by Gray and re¬ 
stricted by Oliver (Bish. Mus. Bull. 132 : 177-179. 1935). It is common in 
the wetter regions of both mountain ranges on Oahu. 

Coprosma longifolia Gray var. oppositifolia Fosberg, var. nov. Folia 
opposita, flos staminatus tubo corollae exserto lobis subaequalis 2-3 mm. 
longis, antheribus 4 mm. longis. 

Leaves opposite, elliptic-lanceolate; stipular sheath 3-5 mm. long, ap- 
pressed-hirtellous near base, with lobes 2-4 mm. long, somewhat acuminate, 
ciliate, glandular-denticulate; peduncle of staminate inflorescence 3-5 mm. 
long, bracts elliptic or ovate, corolla of staminate flowers funnelform, tube 
definitely exserted, strongly contracted below the expanded throat, tube plus 
throat 5-6 mm. long, lobes 6, subequal, 2-3 mm. long, bluntly lanceolate; 
anthers 6-8, linear-oblong, apiculate, lobed at base, 4 mm. long; pistillate 
flowers and fruit unavailable. 

Hawaiian Islands: Oahu: Waianae Mts., Makaha-Waianae Kai, Puu 
Kawiwi-Puu Kaala ridge, in wet forest, alt. 1150 m., March 31,1935, Fosberg 
10855 (USNA— type, Bish, A, F). 

This variety differs most conspicuously from var. longifolia in its opposite 
leaves, definitely exserted corolla tube, much longer corolla throat and 
shorter peduncle and stipular sheath. From the other opposite leafed mem¬ 
ber of this group, C. molokaicmis St. John, this variety differs in its longer 
peduncles, the equally 6-lobed, rather than bilabiate, corollas, and shorter 
anthers. The slightly hirtellous stipules suggest a possibility of hybridization 
between C . longifolia and C. ochracea var. kaalae , recalling Oliver’s sugges¬ 
tion (Bish. Mus. Bull. 132: 175. 1935) for C. molokaiensis. The evidence at 
hand does not justify a suggestion of such an origin for this variety, but the 
presence of the two possible parents in the vicinity of the type locality gives 
reason to look into the matter at some future time. 

Borreria leavis (Lam.) Griseb. This weed, which is now‘widespread 
in the tropical Pacific, is becoming common in the Hawaiian Islands. It is a 
low plant with pectinate stipules and terminal and axillary densely capitate 
verticels of small white or pinkish flowers. The fruits are 2-celled capsules, 
both cells of which are ventrally and apically dehiscent, leaving a sub-per¬ 
sistent septum. In each cellis a single oblong, brown, transversely rugulose 
seed. 

Hawaiian Islands: Oahu: Maunawili,. Kailua, Fosberg , Storey , & 
Oliveira 10772 (BISH, IJSNA) • .Woodlawn, Manoa, Honolulu, Fosberg 
44141 ^BISH, USNA); Manoa valley, Honolulu, Fosberg 10587 (BISH); 
University Campus, Manoa, Honolulu, Fosberg 10528 (BISH, USNA). 

Richardia brasiliensis (Moq.) Gomez. The plant common in the 
Hawaiian Islands which is usually referred to Richardia scabra L. or Rich- 
ardsonia scabra (L.) St. Hil. really belongs to R. brasiliensis . This species 
was mentioned as occurring in the Hawaiian Islands by Schumann (in 
Engler & Prantl, Die Nat. Pflanzenf. IV, 4 : 139. 1891). Examination of 
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fruits of the common Hawaiian weed shows that the nutlets have the ventral 
face excavated and the general outline heart-shaped. B. scabra has cylindri¬ 
cal fruits with an almost dosed ventral groove. 

Hawaiian Islands: Kauai : Milolii Ridge, Waimea, alt. 2000 ft., St. John, 
Fosberg & Oliveira 13739 (BISH, USNA). 

COM POSIT ae 

Elephantopus mollis HBK. According to Dr. S. F. Blake, the plant 
from Kauai referred to E. fomentosus in my paper of 1937 (Occ. Pap. Univ. 
Haw. 32: 9, 1937) really belongs to E. mollis , a native of tropical America 
that is widespread in tropical regions as a weed. 

Pseudelephantopus spicatus (Juss.) Rohr. The plant called in the 
same paper Elephantopus spicatus Juss. is, according to Dr. Blake, better 
regarded as belonging to the genus Pseudelephantopus , distinguished by the 
spicate arrangement of the heads and the peculiarly curved, rather than 
straight, lateral pappus awns. 

Ageratum houstonianum Mill, This garden plant was twice collected 
growing spontaneously near Honolulu. It may be distinguished from the 
common A. eonyzoidcs L. by its larger heads and lance-linear, densely hairy, 
rather than oblong, sparingly hairy or glabrous involucral bracts. 

Hawaiian Islands: Oahu: Nuuanu Valley, June 6, 1937, Fosberg 14004 
(BISH) ; Manoa Valley, Woodlawn, May 22, 1937, Fosberg 13835 (BISH) ; 
Honolulu, cultivated, Fosberg 9368 (BISH). 

Solidago altissima L. The golden-rod which has escaped from gardens 
in Nuuanu and Manoa Valleys, Honolulu, has been identified by Dr. S. F. 
Blake as this species. 

Hawaiian Islands: Oaiiu: Honolulu, Nuuanu Valley, Dowsett Tract, 
Oct. 10, 1936, Fosberg 13294 (BISH, TTSNA). 

Dubautia sherffiana Fosberg, sp. nov. Frutex ad 0.5 m. altus; foliis 
alternis, elliptieo-lanceolatis; panieulis corvmbosis eongestis glandulo-pubes- 
centibus; capitulis 6-7 mm. altis, floribus 3-4 exsertis 5-meris, achenis sub- 
glabris prismaticis 2.5-3 mm. longis valde costatis, ad basin angustatis. 

Shrub 0.5 m. tall, branch lets eylindric, gray, hispidulous, w T ith alternate 
leaves 4 mm. or less $part, persistent only in the upper 10 cm. of the branch- 
let; leaves elliptic-lanceolate, 6-7 cm. long, 1-1.5 cm. wide, acute at apex 
and base, coriaceous, subsessile, appearing glabrous but minutely scabrous 
on margins, slightly so on under surface, becoming hispidulous toward base, 
margins somewhat revolute, remotely serrulate in distal half, at broadest 
part obscurely 11-nerved, nerves occasionally anastomosing to form an ir¬ 
regular and incomplete longitudinal reticulation, the petioliform base ap- 
pressed to stem for about 2 mm.; inflorescence a crowded terminal corymbose 
panicle rounded or flatfish on top, densely spreading-pubescent and w r ith 
sparse short gland-tipped hairs, the rhachis up to 5 cm. long, terminating 
in perfect specimens in a reduced head, or this lacking, panicle branches up 
to 6-7 cm. long, scattered on the rhachis, subtended by leafy bracts similar 
to the leaves but greatly reduced, secondary branches subtended by still 
smaller bracts, on these branches the sessile heads glomerate at the apices, 
with a few scattered ones further down or with several very small branches 
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ending in small glomerules, each head closely subtended by a small densely 
ciliate somewhat ventricose bract; glomerules mostly with 3-6 heads, these 
6-7 mm. high, about 2-3 mm. wide above, with 3-4 strongly exserted florets; 
involucre of 3-4 coherent or slightly connate bracts, narrowly cylindric- 
campanulate, 3-4 mm. high, 1-1.5 mm. thick at apex, often splitting with the 
development of the achenes, externally glandular, the free tips densely 
ciliate, involucral bracts cuneate, the low triangular free portion usually 
with 1 or 2 small lateral teeth; corolla apparently yellowish-white, 5-lobed, 
tube about 1-1.2 mm. long, throat abruptly enlarged and campanulate near 
middle, about 1.7-2 mm. long, lobes ovate, strongly recurved, at least in age, 
1-1.3 mm. long; anther tube straw-colored, about 1.3 mm. long, partly or 
completely exserted, the terminal appendages ovate; achenes prismatic, 2.5-3 
mm. long, 0.5-0.6 mm. thick at apex, tapering to base, about 8-ribbed (some 
ribs very prominent, others less so, sometimes 1 or 2 obscure), dark gray, 
very sparsely pilosulose toward apex, surface slightly roughened; pappus 
of a single series of about 25 plumose aristae 2.5-3 mm. long, united at ex¬ 
treme base, brownish-white. 

Hawaiian Islands*. Oahu : Waianae Mts., brushy ridge east of 2nd gulch 
east of Kaupakuhale, Mokuleia, Oct. 23, 1932, St John & Fosberg 12161 
(USNA— type). “Great Crater, Hawaii,” V . S. Exploring Expedition (US) 
(part, vide infra). 

Named for Dr. E. E. Sherff of Chicago, monographer of Dubautia and 
Railliardia . 

This species is so abundantly distinct that it is difficult to relate it to any 
particular known species. It belongs with the group called by Gray, and later 
by Sherff, section Nervosae of the genus Railliardia , which genus has been 
reduced to Dubautia by Keck (Oec. Pap. Bish. Mus. 11: (19) : 24-28. 1936). 
In Sherff’s treatment of Railliardia (Bish. Mus. Bull. 135: 106-136. 1935) 
D. sherffiana keys nearest R. lonchophylla Sherff [Dubautia lonchophylla 
(Sherff) Keck], which it does not resemble, or to R. reticulata Sherff [Du¬ 
bautia reticulata (Sherff) Keck], but differs from the latter in having alter¬ 
nate subglabrous leaves, instead of opposite white-hispid ones, sessile, much 
shorter, fewer-flowered heads, practically glabrous instead of white-hispid 
achenes, and other less important characters. D . reticulata is known only from 
Maui. 

Sherff credits only two species of Railliardia to Oahu— R. scabra [ Du¬ 
bautia scabra] of which I can find no citation of a specimen and R. linearis 
|Z>. linearis] of which one TJ. S. Exploring Expedition collection from Kaala 
is cited. Of these, D. linearis comes closest to D. sherffiana but differs in hav¬ 
ing its leaves narrower, only 3- to 5-nerved, and ternate instead of alternate; 
heads usually pedicellate instead of sessile, with 4-8 florets instead of 3-4 
and pubescent involucres. Although Sherff says that the florets of R. linearis 
are included, examination of all of the material in the U. S. National Her¬ 
barium shows that, they become quite well exserted when reasonably mature. 
In small size the heads of D. sherffiana are approached only by those of D . 
linearis , and this may probably be its closest relative, though this is by no 
means a final decision. I have not seen the Oahu specimens of D. linearis cited 
by .Sherff, but assume that they are correctly placed. On one sheet of the 
U. S. Exploring Expedition material (US) said to be from “Great Crater, 
Hawaii’’ are 2 twigs. One is typical D. linearis , while the other has alternate, 
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much larger, 7-nerved lanceolate leaves, and mostly sessile, only slightly 
puberulent involucres. It undoubtedly belongs in D. sherffima, and may 
well have come from Oahu, as the localities on the IJ. S. Exploring Expedi¬ 
tion specimens were often woefully confused. 

CHRISTMAS ISLAND 

A number of species may be added to the known flora of Christmas Island 
on the basis of my collections made there in August 1936. The following are 
not in Christophersen’s annotated list (Bish. Mus. Bull. 44: 22-27, 1927). 
All except Abutilon indirum and possibly Portulaca fosbergii appear to be 
introduced. 

Cypert's rotundus L. A small colony in the village, London, Fosberg 
13283 (BI8H). 

Portulaca fosbergii Von Poelln. Paris, Fosberg 13269 (BISH, IJSNA) 
(det. H. St. John). This species seems intermediate between P. oleracea L. 
and P. lutea Sol. Further study of living material is needed to determine 
its position in relation to these two species. 

Leucaena qlauca (L.) Benth. London, Fosberg 12171,13249 (BISH). 

Piiaseolus lathyroides L. Paris, Fosberg 13269 (BISH, USNA). 

Abutilon indicijm Sweet. This shrub forms a conspicuous part of the 
vegetation near Four Brothers, Fosberg 13213 (BISH, TTSNA). The species 
has previously been reported only from Jarvis and Baker Islands in the 
central Pacific*. It is common in tropical Asia. 

Hibiscustiliaceus L. Paris, Fosberg 13267 (BISH). Probably planted. 

Falls Church, Virginia 
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ANOTHER DRIFTLESS AREA ENDEMIC 

Norman C. Fassett 

Com melina erecta L. var. Greenei Fassett, var. nov., foliis 10-15 cm. 
longis 6-8 mm. latis; spatheis maturis 1.5-2.7 cm. longis basi longe albido- 
villosis. Wisconsin: on sand derived from crumbling sandstone, Cactus 
Bluff, 5 miles southwest of Sauk City, Sauk County, August 27, 1940, J. T. 
Curtis & H. C . Greene (type in Herb. Univ. of Wisconsin); same station, 
July 7, 1941, L. H, Skinners S993; same station, September 28, 1942, N. C. 
Fassett <& H. C. Greene 22056 . 

This Driftless Area endemic (see Fassett, Rhodora 33: 227, 228. 1931) 
has the size and proportions of var. Deamiana (Fernald, Rhodora 42: 435- 
441. 1940) but differs in having long jointed white hairs on the spathe. 
Thus it bears the same morphological relation to var. Deamiana that f. 
intercursa Fernald does to var. typica, and that f. crispa (Wooton) Fernald 
does to var. angustifolia (Michx.) Fernald. It may, therefore, seem illogical 
to treat it as a variety when its counterparts are treated (and rightly) as 
forms. The reason is that while f. intercursa occurs as a sporadic variation 
throughout the range of var. typica, and f. crispa in like manner throughout 
the range of var. angustifolia, var. Greenei occupies a different area from 
that occupied by var. Deamiana. The latter occurs primarily in a limited 
range in northern Indiana 1 and northern Illinois, and has spathes always 
lacking white hairs more than 1 mm. long, as is evidenced by Fernaldstate¬ 
ment based on his examination of the 16 collections cited by him, and corro¬ 
borated by my own examination of the 16 sheets of this variety in the Deam 
Herbarium and the 6 in the Herbarium of the University of Wisconsin. That 
the plant of Cactus Bluff, isolated by some 200 miles from var. Deamiana, 
consistently has white-villous spathes is indicated by study of the 3 collec¬ 
tions cited above; the last consists of 8 fruiting tops (all that could be 
found) collected for the purpose of studying the colony as a whole rather 
than a few individuals taken at random. 

Var. Greenei occurs in very small numbers; Dr. Greene and I were able 
to find only 8 individuals. Such occurrence of rarities in extremely small 
numbers is quite characteristic of this part of Sauk County, which lies just 
within the Driftless Area. Only a few rods from the Commelina, on the 
steep f$ce of Cactus Bluff, are a few individuals of Pellaea atropurpurea, 
known elsewhere in Wisconsin from two other bluffs, one a mile away and 

1 Mr. Deam has kindly loaned me his material of this group; the C. anpustifolia of 
his Flora of Indiana (see pp. 285; 286, and Map 592) breaks clearly, in light of Fer¬ 
nald f a treatment, into C. erecta var. typica in southern Indiana and var. Deamiana in 
northwestern Indiana. 
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the other 10 miles to the northwest. P. atropurpurea, primarily a southern 
plant isolated in the Driftless Area, occurs only in very small numbers, but 
P. glabella (Butters, Am. Pern Jour. 7: 77-87. 1917), its common northern 
relative, is on nearly every cliff in southern Wisconsin (Tryon et al. The 
ferns and fern allies of Wisconsin, 23, 24. 1940). Mill Bluff, a mile and a 
half north of Cactus Bluff, was the type station for A coni turn noveboracenne 
var. quasiciliatum (Passett, Rhodora 31: 49. 1929), where a very few indi¬ 
viduals were seen (it is likely that it is extinct there now, since the woods 
shading the bluff have been cut). Fifteen miles to the northeast is Parfrey’s 
Glen, where probably not more than a dozen individuals of the Aconitum 
cling to the moist shady walls of a ravine. Thirty miles northward, at Wis¬ 
consin Dells, Rhododendron lapponicum grows on cliffs along the Wisconsin 
River, at the only known station west of the Adirondack Mountains and 
south of Hudson Bay; it is doubtful if there are a score of individual plants 
at this place and their existence is menaced by the fact that the cliff on 
whose edge they grow is being cut back by the river faster than the newly 
exposed surfaces can be recolonized. 

Surely many of the specialties of the Driftless Area are on the very 
brink of extinction. 

Department of Botany, University of Wisconsin 
Madison, Wisconsin 
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SUPPLEMENTARY NOTES ON AMERICAN 
MENISPERMACEAE—III 

B. A. Krukoff and H. N. Moldenke 

New collections of the Menispermaceae, largely from Amazonian Brazil 
and Surinam, have recently become available to us. The Amazonian speci¬ 
mens were largely obtained in the municipality Sao Gabriel, State of 
Amazonas, on the tributaries of the upper Rio Negro, which are poorly 
known (to say the least) botanically. The collections were found to be of 
considerable interest and are discussed in the present paper. They extend 
our knowledge of certain species previously known from incomplete mate¬ 
rial ; extensions of ranges are noted for a number of species, and three species 
are described as new. No changes in the nomenclature are necessitated. 

The species are arranged in the same order and the place of deposit of 
specimens is shown by the same abbreviations as in our previous papers 
(1, 2, 3, 4). The following new abbreviation is used: 

U: Georgetown Botanic Gardens at Georgetown, British Guiana. 

CHONDODENDRON RUfz &* PAVON 

2. Chondodendron platiphyllum (A. St. Hil.) Miers. Additional speci¬ 
mens examined: photos #34502 and 34501. 

As is evident from the labels ( photo #34502) , two specimens appear to 
be mounted on a single sheet, one collected by Casaretto in virgin forest in 
the State of Minas Geraes, and another collected by Richard Hear Rio de 
Janeiro. 

Without seeing the actual specimen we are unable to ascertain whether 
or not photo #34501 is of the type of Cocculus ? cinerascens A. St. Hil. The 
specimen was collected by Saint-Hilaire in forests near Rio de Janeiro. 

3. Chondodendron tomentosum Ruiz & Pav. Additional specimens ex¬ 
amined: Peru, Ecuador, or Brazil, collector undesignated 3, 10. Ecuador — 
Napo-Pastaza : basin of Rio Pastaza, Gill 12363/6. 

On the labels of collector undesignated 3 and 10 it is stated: “collected 
by Squibb’s collector somewhere in Amazonian South America. Said to be a 
constituent of curare arrow-poison . 11 

4. Chondodendron candicans (L. C. Rich.) Sandw. Additional speci¬ 
mens examined: British Guiana—Essequibo : basin of Issororo River, Jen- 
man 5199 (U). Surinam—near Sectie 0, on railroad Parampribo-Dam, 
Krukoff 12305 , 12335 . 

It is satisfactory to have new collections of this species from Surinam. 
The species was known to us from Surinam only from the type collection 
of Abuta f Pullei . 
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5. Chondodendron limagiifolium (Diels) Moldenke. Additional speci¬ 
mens examined: Brazil — Amazonas: basin of the upper Solimoes, Froes 
12090, 12092, 12093, 12093. 

7. Chondodendron toxicoferum (Wedd.) Krukoff & Moldenke. Addi¬ 
tional specimens examined: Brazil—Amazonas: basin of the upper Soli- 
moes, f Froes 12087. 

sciadotenia miers 

3. Sciadotenia solimoesana Moldenke. Additional specimens examined: 
Brazil—Amazonas, basin of the upper Solimoes, Froes 12094. 

This is the third collection of the species known to us. 

anomospermum miers 

1. Anomospermum Schomburokii Miers. Additional specimens exam¬ 
ined: British Guiana—Essequibo: Jenman 1333 (U); basin of Mazaruni 
River, Jenman 2131 (IT); Berbiee: basin of Corentyne River, Jenman 
102 (IJ). 

2. Anomospermum Dielsianum Moldenke. Additional specimens exam¬ 
ined: Brazil—Amazonas: basin of the upper Rio Negro, Froes 12467. 

This is the first record of the species from the basin of Rio Negro 
(Coroeoro on Rio Vaupes). It has been known hitherto only from the type 
collection from the basin of the upper Solimoes. 

6. Anomospermum citlorantiium Diels. Additional specimens exam¬ 
ined: Brazil—Amazonas: basin of the upper Rio Negro, Froes 12113. 

This is the first record of the species from the basin of Rio Negro (Yuco 
on Rio Xie). The specimens are more pubescent than any of the previously 
examined and cited material. 

7. Anomospermum sp. nov. Additional specimens examined: Brazil — 
Amazonas: basin of the upper Solimoes, Froes 12131. 

In a previous paper (1) we have given a description of a plant which 
presumably has neVer previously been described or named, but have not 
assigned a specific fiame to it in view of lack of flowers or fruits. The present 
collection is again sterile and from the same region as the two previous 
collections. 

8. Anomospermum bolivianum Krukoff & Moldenke. Additional speci¬ 
mens examined: Brazil — Amazonas: basin of the upper Rio Negro, Froes 
12407. 

This sterile specimen matches very well the type collection of the species. 
It has been obtained in an old clearing on “terra firma” near Cucui. 

9. Anomospermum hirsutum Krukoff & Moldenke, sp. nov. Frutex 
scandens; ramulis gracilibus dense hirsutis, pills patentibus fulvis; petiolis 
gracilibus dense fulvo-hirsutis; laminis foliorum coriaceis late ellipticis 
argute aeutis vel breviter acuminatis et saepe plusminus apiculatis integris 
subrevolutis, ad basim aeutis indistincte 3-pli-nerviis, supra glabris niti- 
disque, subtus plusminus Tulvo-hirsutis; costa venisque primariis secun- 
dariisque supra valde impressis, subtus argutiuscule prominentibus; reticulo 
venulorum copiosissimo perspicuo. 
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A woody vine; branchlets slender, densely hirsute on protected parts 
with spreading fulvous hairs 1-2 mm. long, less so or even glabrescent on 
the internodes; petioles slender, 2.5-3.8 cm. long, densely fulvous-hirsute, 
the uppermost 1 cm. swollen and usually more or less curved; leaf-blades 
coriaceous, uniformly bright-green on both surfaces or more shiny above, 
broadly elliptic, 7.5-16.5 cm. long, 2.5-6.S cm. wide, sharply acute or short- 
acuminate and often more or less apiculate at apex, entire and slightly revo¬ 
lute along the margins in drying, acute at base, glabrous and shiny above, 
more or less fulvous-hirsute beneath, especially along the midrib and larger 
venation, indistinctly 3-pli-nerved from the base, the main pair of veins not 
very dissimilar to the 3 or 4 pairs of secondaries and confluent with them in 
many loops 6-8 mm. from the margins; midrib, principal veins, and sec¬ 
ondaries rather deeply impressed above, sharply prominent beneath; the 
tertiaries prominulous in shallow grooves above, prominent beneath; veinlet 
reticulation very abundant and conspicuous under a hand-lens, fine, promin¬ 
ulous on both surfaces; only staminate flowers seen; pedicels subtended by 
2 minute scale-like triangular-ovate to lanceolate bractlets, which are about 
1 mm. long, carnose-thickened at base, acute at apex, hirsute on the back, 
and easily separable; sepals 6, imbricate, the 3 outer ones minute, resem¬ 
bling the bractlet, unequal, triangular-ovate, about 1.5 mm. long and 1 mm. 
wide, subacute at apex, sparsely hirsute dorsally and hirsute-ciliate on 
margins, carnose-thickened at base, easily separable, the 3 inner ones very 
much larger, broadly elliptic or suborbicular, narrowed and somewhat claw¬ 
like at base, rounded at apex, cucullate with inflexed margins, subequal, 
about 5 mm. long and 4 mm. wide, extremely carnose dorsally, glabrous, 
easily separable; petals 6, much smaller than the inner sepals, obpyramoid, 
about 2 mm. long and almost as wide, extremely carnose, the margins greatly 
inflexed, closely pressed together with the 6 stamens, forming a glabrous 
truncated “pseudodisk”; stamens 6, inflexed, when not extended equalling 
the petals and opposite them; filaments subterete or somewhat flattened, 
free, glabrous; anthers facing down and subhorizontal, dehiscing by short 
longitudinal slits; pistillate infructescences axillary, compound, to 9 cm. 
long, usually shorter than the subtending leaf, with about 3-12 fruiting- 
pedicels; peduncles obsolete; rachis slender, densely spreading fulvous-hir¬ 
sute like the petioles and branchlets; bractlets linear, about 5 mm. long, 
densely fulvous-hirsute, one subtending each pedicel; pedicels slender, J.3- 
1.8 cm. long, sparsely hirsute, 1-3-fruited, expanded-capitate at apex; 
mature fruits asymmetric, abeut 2.8 cm. long and 1.2-1.4 cm. wide, the exo¬ 
carp slightly fleshy, glabrous, shiny, wrinkled in drying; mesocarp thin; 
endocarp hard and bony, smooth outside, elevated-reticulate within. 

Type: Ducke 753 (N), collected June 14, 1941, near “Manaos, Estrada 
do Paredao, silva secundaria non inundabili.” 

The species is unique and is immediately distinguished from all other 
known species of the genus Anomospermum as well as of the genera Abuta f 
Chondodendron, Elissarrhena and Telitoxicum by its hirsute leaves. 

Specimens examined: Brazil—Amazonas: basin of Rio Negro, Ducke 
753 (N, type); Froes 12408 . 

TELITOXICUM MOLDENKE 

3. Telitoxicum inopinatum Moldenke. Additional specimens examined: 
B&itish Guiana—Berbice : basin of Eberoabo River, Hohenkirk 55 (U—iso- 
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type); Weruni-Ituni Savannahs, Abraham 132 (U); basin of Courantyne 
River, Hohenkirk 714 (U). 


ABUTA BARRERE 

2. Abuta obovata Diels. Additional specimens examined: Brazil— 
Amazonas : basin of Rio Negro, Froes 12379, 12543, 12563. 

The species is now known both from the upper and the lower Rio Negro. 

6. Abuta panurensis Eichl. Additional specimens examined: Brazil— 
Amazonas: basin of the upper Rio Negro, Froes 12414. 

The species has heen known hitherto only from the type collection. The 
present collection is from “restinga” near Yueo on Rio Xie, municipality 
Sao Gabriel. 

8. Abuta imene (Mart.) Eichl. Additional specimens examined: Brazil 
—Amazonas: basin of the upper Solimoes, Froes 12156; basin of the upper 
Rio Negro, Froes 12477 . 

11. Abuta grandifolia (Mart.) Sandw. Additional specimens examined: 
Venezuela—Amazonas: basin of Rio Negro, Froes 12387; Ducke 691. 
Brazil—Amazonas: basin of Rio Tonantins, Froes 12164 , 12232. Surinam: 
near Sectie 0, on railroad Paramaribo-Dam, Krukoff 12296 , 12324. 

This is the first record of the species from the basin of Rio Tonantins. 

14. Abuta rufescens Aubl. Additional specimens examined: Brazil— 
Amazonas: basin of the upper Solimoes, Froes 12088 , 12089 , 12091; basin 
of Rio Negro, Ducke 861. French Guiana*. Aublet s.n. (?type; photo 
#34499). 

The Brazilian specimens are the first record of the species from the basin 
of Rio Solimoes. 

15. Abuta barbata Miers. Additional specimens examined: Surinam: 
near Sectie O, on railroad Paramaribo-Dam, Krukoff 12325. 

16. Abitta Grisebachit Triana & Planch. Additional specimens exam¬ 
ined: Brazil—Amazonas: basin of the Rio Negro, Froes 12134; Ducke 822. 

20. Abuta negroensis Krukoff & Moldenke, sp. nov. Frutex scandens; 
ramis crassiusculis adpresso-pubescentibus vel glabrescentibus; ramulis 
gracilibus densissime veliitino-pubeseentibus, pilis brevibus brunneis; cica- 
tricibus perelevatis; petiolis crassis firmis ad basim ampliatis, dense velutino- 
pubescentibus; laminis foliorum coriaceis ovatis acuminatis integris, ad 
basim acutis vel paullo obtuseque subacuminatis, supra glabris nitidisque, 
subtus dense velutino-tomentosis, pinnato-venosis. 

A woody vine; branches rather stout, about 1.5 cm. in diameter, ap- 
pressed-pubescent or glabrescent in age; branehlets slender, very densely 
velutinous-pubeseent with short brown hairs; leaf-scars large and corky, 
very prominently elevated on sterigmata about 5 mm. long; petioles stout, 
firm, 13-24 cm. long, ampliate at base, thickened and curvate for the upper 
1.5-2 cm., densely velutinous-pubeseent like the branehlets, the pubescence 
eventually wearing off; leaf-blades coriaceous, ovate, 25-37 cm. long, 14.5-20 
cm. wide, acuminate at apex, entire, acute or very slightly obtuse-acuminate 
at base, glabrous and shiny above, densely velutinous-tomentose beneath 
with short, appressed, brownish hairs, pinnately veined; midrib stout, im- 
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pressed and often appressed-pubeseent above, very prominent beneath; 
secondaries slender, 8-10 per side, regularly ascending, arcuate near the 
margins, usually not plainly anastomosing, impressed above, very prominent 
beneath; tertiaries slender, numerous, joining the secondaries, issuing at 
right angles, subparallel, slightly impressed above, prominent beneath; vein- 
let reticulation abundant and regular, forming very fine meshes visible 
under a hand-lens; flowers and fruit not known. 

Type: Froes 12423 (N), collected Dec. 19,1941, near Santa Ana, on Rio 
I<jana, basin of the upper Rio Negro, State of Amazonas, Brazil, 

The species is unique and is immediately distinguished from all other 
known species of the genera Chondodendron, Sciadotenia , Anofnospermum } 
Abuta, Elissarrhena, and Telitoxicum by the combination of the following 
characters: leaf-blades woolly beneath and distinctly pinnate-veined (not 
pli-nerved!). The only other known species of American menispermaeeous 
plants which have the leaf-blades woolly beneath are Abuta Orisebachii, 
Abuta Candollii, Abuta splendida, Sciadotenia paraensis, Sciadotenia Sago - 
tiana, and species of Chondodendron, and leaves of all ot these are pli- 
nerved. 

All known species of Chondodendron are characterized by the matted 
indumentum whereas the leaves in our species are tomentose. Because of the 
absence of flowers, we cannot suggest its immediate relatives. It seems best 
placed in the genus Abuta. 

21. Abuta Froesii Krukoff & Moldenke, sp. nov. Frutex scandens; ramis 
ramulisque gracilibus glabris nitidis; eicatricibus magnis elevatis circulari- 
bus suberosis; petiolis gracillimis glabris; laminis foliorum firme chartaceis 
ellipticis integris, ad apiceum rotundatis et cuspidato-acuminatis, ad basim 
rotundatis vel acutis, utrinque glabris pernitidisque, 5-pli-nerviis. 

A woody vine; branches and branchlets slender, glabrous, shiny; lenti- 
cels usually prominent; leaf-scars large and elevated, corky, circular; peti¬ 
oles very slender, 2*5-7 cm. long, glabrous, somewhat ampliate at base, the 
uppermost 5 mm. thickened and curved; leaf-blades firmly chartaceous, uni¬ 
formly colored on both surfaces, elliptic, 5.5-15.5 cm. long, 3-8 cm. wide, 
rounded to a short cuspidate-acuminate apex, entire, rounded or acute at 
base, glabrous and very shiny on both surfaces, 5-pli-nerved from the base; 
midrib and primary veins very slender, plane above, sharply, prominent 
beneath; the lower pair of primary veins not as prominent as the upper pair, 
closely paralleling the leaf-margin half way to its apex, the upper pair not 
very arcuate, ascending almost to the apex, not anastomosing with the other 
pair nor with the secondaries; secondaries 1 or 2 pairs, in the upper half 
of the leaf, arcuately looped, not reaching the margins, anastomosing; ,ter- 
tiaries and veinlet reticulation obscure above, only the larger portions sub- 
prominulous beneath; flowers not seen; pistillate infructescences supra- 
axillary; peduncles stout, about 1 cm. long, subglabrous, surmounted by a 
large club-like receptacle, bearing (normally) three fruits; fruit asymmetric, 
3-3.5 cm. long, 2-2.5 cm. wide, glabrous; exocarp hard and bony; mesocarp 
woody pendocarp thin, smooth and, shiny, not corrugated. 

Type: Froes 12346 (N), collected Jan. 31, 1942, on ‘ 4 terra firma’’ near 
Macubeta on Rio Marie, basin of the upper Rio Negro. 

The species resembles Abuta brevifolia from which it differs, however, 
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in its much larger fruits with the glabrous exocarp, much longer petioles, 
and larger leaves. 

Specimens examined: Brazil — Amazonas: basin of Bio Negro, Froes 
12436; basin of Rio Solimoes, Froes 12168,12180 . 

elissarrhena miers 

1. Elissarrhena grandifolia (Eichl.) Diels. Additional specimens ex¬ 
amined: Brazil—Amazonas: basin of the upper Solimoes, Froes 12084. 

The New York Botanical Garden 
New York 
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WHAT IS THE TRINOMIAL TYPICUS?--II 

Leon Croizat 

The reader who has so far followed this di^ussion is aware by now of the 
sad plight of much nomenclature in our midst, and knows a few of the dis¬ 
ruptive interpretations and peculiar ideas bearing upon the typic trinomial. 
This reader will agree, it may be believed, that a sane and constructive 
approach to the all-important problem of typification is impossible so long 
as the fundamentals in the issue are flouted**, and the discussion wanders in 
a maze of pompous and ill-digested generalities. Sharp and precise biological 
concepts such as necessarily underlie good classification cadnot forever 
speak the language of fanciful nomenclature, nor can the facts be concealed 
and disguised. It is no longer a question of names that are being published 
on occasion and prove untenable on account of some technical violation of 
the Rules, but of a whole deeply-rooted trend of unsound thought and hap¬ 
hazard, practice, ultimately based on a lack of familiarity with the subject. 
The hair-splitting and the abuse of imagination which have characterized 
the work of some recent writers on nomenclature have damaged, no doubt, 
the cause of the serious student who is well aware that quibbling and wild 
hypothecating are as obnoxious in the long run as ignorance and neglect. 
At bottom, the Rules of Nomenclature are not a pack of cavil, the plaything 
of a few devotees, or the Rook of Merlin. They are a labor-saving device in 
the first place, making it possible for everybody to speak briefly and to the 
point on subjects of common interest. Properly expounded, they are as easy 
to read and to understand as the rules governing any current card game. 
In a very definite sense, they must become a live reality to every botanist. 

The fallacies surrounding the trinomial typicus , its nature and use, have 
no reason to exist, because this trinomial has nothing in it which is mysteri¬ 
ous or difficult once its fundamentals are grasped. Rather than discuss these 
fundamentals in the abstract, I will deal with them by examples and plain 
considerations. 

As an introduction, we may consider the following formula: 

1 + X = 2; x = 2- 1; x = l. 

Half a line of symbols and figures written in a matter of seconds speak 
an amount of truth which, put into words, would require considerable time 
and paper. The formula given above summarily states the following: A cer¬ 
tain figure, conventionally designated by the symbol x, meaning a quantity 
unknown, when added to 1 yields 2. To find this figure transfer to the right 
of the symbol of equality the figure 1, changing its value from positive to 
negative, leaving x in its original position to the left of the sign of equality. 
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The result of the subtraction (2-1) eventually yields 1, which is the value 
of x. 

Precisely like mathematics, botany speaks in symbols and formulae, wit¬ 
ness this: Hydriastele Kasesa (Laut.) Burret, comb. nov. = Ptychosperma 
Kasesa Laut. in Engl. Bot. Jahrb. 45: 357. 1911. By the use of this formula, 
Burret (Notizbl. Bot. Gart. Berlin 13: 484. 1937) tells his coworkers the fol¬ 
lowing: “In a periodical called Engler’s Botanische Jahrbiicher, Volume 45, 
page 357, printed in 1911, Lauterbach has validly and legitimately pub¬ 
lished a certain species which he has designated as Ptychosperma Kasesa. 
I, Burret, having investigated the creation of Lauterbach, found in it charac¬ 
ters which assimilate it to the species in the genus Hydriastde. Accordingly, 
I have brought Lauterbach *s species away from Ptychosperma under Hydri- 
astelc. This of course, is my own, Burret \s, understanding of the matter.” 

Obviously,, it may not be doubted that botany, too, is ruled by a special 
kind of symbolic and abbreviated language. Nomenclature is essentially that 
branch of botany which is concerned with the proper use of such a language. 
The usefulness and nobility of nomenclature cannot be disputed or denied, 
for without it the use of this expeditious language would be impossible. 
Without this language, Burret would have been obliged to state its story in 
detail, that is, would have been forced back to the polynomial stage of botany 
and possibly farther still, to the age of Theophrastus and Pliny. 

Let us now suppose that a taxonomist, J. Brown, is faced with the task of 
writing down the following account: In 1900 J. Doe published as Planta una 
an entity with a glabrous body and blue flowers. In 1905, P. Smith found a 
pubescent annual with blue flowers which he judged to be eonspecific with 
P. una and published it trinomially, either as a subspecies or as a variety, 
as P. una pilosa . Five years later, in 1910, C. Black collected a pubescent 
herb with white flowers which he proposed as a form, P. una al hi flora. Lastly, 
in 1915, N. Toe collected a glabrous herb with white flowers which lie pub¬ 
lished as a form calling it P. una leucantha. 

Using the standard language of botany, J. Brown has a free choice 
between two manners of expressing this Jong-drawn account. He can do this: 


Planta una J. Doe, 1900, 

P. una f. leucantha N. Toe, 1915. 


P. una (subsp., var.) pilosa P. Smith, 1905. 
P . una f. alhiflora C. Black, 1910; 


or this: 


Planta nna .7. Doe 1900 

P. nna (subsp., var.) typica J. Brown, 1942. P. una (subsp., var.) pilosa P. Smith, 1905. 
P. nna f. leucantha N. Toe, 1915. P. una f. albiflora C. Black, 1910. 


It will readily be seen that, while the two accounts substantially agree 
in the facts they reveal, the latter is in every respect better balanced. The 
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species itself is conceived as a broad unit, including both kind of plants, gla¬ 
brous and pubescent, of which the glabrous entity is considered to be typical 
in the nomenclatural if not in the biological sense. The form lemantha 
spoken of as P. una var. typiea f . leucantha is immediately known to be gla¬ 
brous, therefore to belong to a complex other than the form aVbiflora . The 
trinomial typiea neatly balances the trinomial pilosa, and a comparison be¬ 
tween the type-specimens of the two can be effected without calling into 
question a binomial (P. una) and a trinomial (P. una pilosa) which may 
engender confusion. In brief: the segregation of the trinomial typicus has 
nothing about it which is mysterious, involved and philosophical; it is merely 
a book-keeping device which has for its result to simplify and elucidate the 
treatment of involved and much subdivided entities. This device is sprung 
into action by the simple expedient of publishing a trinomial (subspecies, 
variety or form) which is based upon the same type-specimen as the next 
higher unit; P. una and P. una var. typiea being both based upon J. Doe 482, 
a specimen collected—let us say—near Washington, D. C., in 1899. 

Some workers who are not familiar with this elementary device believe 
that P. una and P. una var. typiea are synonyms, because—they say—* ‘ both 
these names apply to the same plant . 9 9 This is a patent fallacy; to be synony¬ 
mous (see Art. 16) two names must have the same circumscription (that is, 
be based upon specimens of the same significance and value in classification 2 ), 
position (that is, be both under the same genus, species, variety, and the 
like), and rank (that is, be both genera, species, subspecies, varieties, or the 
like). It is clear that P. una and P. una var. typiea cannot be synonyms, 
because they are short of two out of three elements required for a synonymy; 
they have the same circumscription , true enough, because they are both 

2 The term circumscription, etymologically considered, means to ‘ 1 write in’ ’ or to 
€i delineate around / 9 and is used by botanists in two senses, as follows: (a) To refer to 
groups in general. Accordingly, we hear that, for instance, ‘ ‘ Exceedingly narrow circum¬ 
scriptions were understood by Rafinesque to form good genera . 99 (b) To define the 
taxonomic range of a specimen, as it were, thus: “J. Doe 415 and T. Brown XI are collec¬ 
tions with the same circumscription. ” It will readily be seen that the etymology of the 
term itself is compatible with these two different uses, and that both, consequently, are 
correct. However, the Rules speak of circumscription in the second sense only in the text 
of Art. 16. Users of the Rules should be careful not to understand the language of the 
Articles in the sense which is often colloquially current. A classic example of the con¬ 
fusion that results from misunderstanding the Rules in this manner, is Wheeler’s con¬ 
tention (Contr. Gray Herb. 127: 53. 1939) that Watson published Bernardia (?) fasci¬ 
culate\ as a nomen provisorium because he said that this name was * *. . . only provisionally 
referred to Bernardia. 19 That this notion is fantastic can readily be seen, considering 
that if Wheeler were correct every name published with an expression of doubt as to its 
true position or ultimate destination would be invalids A nomen provisorium in the sense 
of the Rifles (see Croizat, Jour. Arnold Arbor. 21: 499. 1940; 22: 137. 1941; Bull. Torrey 
Club 69: 454. 1942) is a very different thing. The rules must be read for what they are 
and must be used accordingly; no one should apply a monkey-wrench fitting the gear of a 
truck to the threads and screws of a fine microscope, for common sense forbids it. 
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based upon the very same specimen, but they do not have the same position 
(P. una stands under genus Plant a while P. una var. typica stands under 
species P. una), nor the same rank (P. una is a species, P. una var. typica a 
variety). 

The objection is sometimes heard that all these subtle distinctions among 
circumscriptions, positions, ranks and the like are quibbles, and that a bota¬ 
nist cannot be expected to waste his time nor to live by the codes of a lawyer. 
This objection must be buried once for all, for it sins against elementary 
reason. The difference between a competent and an incompetent worker is in 
the fact that the former has taken pains to learn to use all the instruments 
of his craft; meeting a difficulty, a straight-thinking student masters it once 
for all, and does not complain about it forever. The Treasury of the United 
States also makes some distinction between scraps of paper of the same size, 
texture and color, paying one-tenth as much for some of them, depending 
upon the fact that on these scraps the figure 1 is followed by one zero rather 
than by two. Strange to say, the supercilious and overbusy workers who dis¬ 
miss circumscriptions, positions, and ranks with a sweeping and hopeless 
gesture of their hands are well informed of the 4 ‘quibbles’’ of the Treasury, 
and never fail to exact their pound of flesh in good bills, squeezing the last 
drop of blood out of the Treasury’s “legal notions.” It is not verj' clear why 
these workers should dismiss as nonsense what the Rules of Nomenclature 
say, when, after all, they use taxonomic names fully as frequently as they 
do cash. True, profound treatises can be written about the conceptual back¬ 
ground of x in mathematics, the theory of double entry in bookkeeping, the 
philosophy of the bad bridge player or of the shrewd “plunger” on the stock 
market, and about the nature of typicus. However, the average taxonomist 
has no need of all this literature to ply his trade well and intelligently. All 
that matters to him is to have a good grasp of the possibilities of the tri¬ 
nomial epithet typicus and of the brand of calisthenics which this epithet 
performs in actual use. It stands to reason that taxonomists who deal with 
complex entities or make a rigorous study of populations and variations need 
to use the trinomia btypicus, and actually use it (see, for instance, St. John 
& Hosaka, Oec. Pap. Bishop Mus. 14: 120. 1938; Clausen, Keck & Hiesey, 
Carnegio Inst. Wash. Publ. 520. 1940), while taxonomists who are fortunate 
enough to labor upon floras continuously yielding new species and possibly 
new r genera have no feeling for this trinomial. The point is not that these are 
wise and those foolish, or the other w T av around. The point is, rather, that the 
practical necessities of the branch of taxonomy which these botanists serve 
call into play different means and methods, some playing the strings, others 
the brasses, in the orchestra of Flora. That all botanists should understand 
the needs of all botanists and be able on occasion to use all their tools is to 
be believed as a matter of course. It is none the less plain that since typicus 
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is meant to simplify, not to complicate matters, those who whip it into a 
froth of decorative generalities and ill-digested abstractions do not follow 
the middle of the road where alone common sense dwells. 

A fallacy commonly heard about typicus is that this trinomial is a “new 
name.” To begin with, this is denied by the Rules, for whenever they speak 
of a “renaming” or of a “new name” (see, for instance, Art. 61 and Art. 
69), they refer to entities of the same rank, that is, to a species’ acquiring 
a “new name” because an old and untenable binomial falls out, because a 
generic illegitimate name is replaced by another generic tenable Unitarian 
designation, and the like. The Rules know better than to speak of a trinomial 
being given a binomial as a “new name.” The Rules know, as a matter of 
fact, that to confuse ranks means to open the door to such errors as have been 
illustrated in the preceding discussion of Art. 58 and Art. 30.- 

The fact that the trinomial typicus cannot be a “new liame” is conveni¬ 
ently illustrated by examples, this one, for instance: Mueller Argoviensis 
published Mallotus oreophilus (in DC. Prodr. 15(2): 964. 1866) without 
ending the specific description with the designation of a type-specimen. At 
the same time, however, he published two trinomials, a ochraceo-albidus and 
3 floccosus, typifying the former by a specimen with whitish-tomentose, the 
latter by one with glabrescent leaves. Of these trinomials the former, desig¬ 
nated by the letter a is the full equivalent of a trinomial typicus because its 
type-specimen is also the type-specimen of the binomial'. 

Translated into plain language, Mueller’s publication means that he 
recognized an entity (the species, M. oreophilus in the broad sense) with 
general characters of fruit, flower and the like that applied in common to the 
subdivisions of this entity (the varieties, distinct in the nature of their 
indumentum at the leaf), one of these subdivisions being accepted by him 
as typie of the species as a whole in the nomenclatural sense , not necessarily 
in the biological one . It should not occur to a competent biologist and to a 
well informed taxonomist that the concepts involved in this treatment are 
two, for they are manifestly three, namely: (1) a broad aggregate of forms, 
whitish-pubescent to glabrescent in their foliage, but akin in the balance of 
their characters ( M . oreophilus) ; (2) a subdivision of this aggregate with 
definitely whitish-pubescent leaves, this character in Mueller’s opinion set¬ 
ting out a morphological and possibly a geographical complex (a ochraceo- 
albidus) ; (3) a subdivision like the preceding one but glabrescent in its 
foliage (p floccosus ). Since the concepts here involved are three, not two, that 
bearing upon M. oreophilus in particular being unlike that of a ochraceo- 
albidus^ it stands ‘to reason that this trinomial cannot be, and is not a “new 
name” for the binomial. It is a different name , for it applies to a different 
subject and holds within itself a different concept . To designate M, oreophi - 
his a ochraceo-albidus as a “new name” violence must be done tP the whole 
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of the Rules which define as such something different. It is not clear in my 
understanding why such a violence should be done, when it leads only to 
ultimate confusion of terms and concepts, and serves no useful purpose at 
all. What does a taxonomist gain who follows the typie trinomial with the 
abbreviation “nom. nov.” rather than with the accepted “var. nov.” or 
“subsp. nov.”? Does he affirm in so doing his faith in the esoteric side of 
nomenclature, proclaiming unto the ages his perfect understanding of the 
virtues of typhus f Indeed not: he merely states that his familiarity with the 
concepts underlying such a trinomial is less perfect than it ought to be, and 
confuses his coworkers by palming off as a “new name” of undefined status 
that which is clearly not so. 

Some objection may be anticipated against my using in this summary 
two examples which are seemingly different without emphasizing this pre¬ 
sumed difference. It may be pointed out that in the fancied case of Plant a 
una J. Doe, 1900, the tvpic trinomial was segregated only in 1942 by a tax¬ 
onomist other than J. Doe, namely J. Brown, while in the actual case of 
Mallotus ortophilus, Mueller himself immediately segregated the trinomial 
in question and a second one, failing to designate the type-specimen of the 
binomial. 

No difference at all in concepts exist between these two examples. Proof 
of this is immediately had by comparing the examples I have used in their 
basic final form. Here they are : 

(A) Planta una J. Doe, TIMM). 

P. una var. t if pica J. Brown, 1942. P. u?ia var. pilosa P. Smith, 1905. 

(B) Mallotus ortophilus Mucll.-Arg., 1866. 

M. ortophilus var. ochracco-albidus Muell.- V. ortophilus var. floccosus Muell.-Arg., 
Arg., 1866. r 1866. 

Nothing would change in the realities involved by these citations if J. 
Doe himself had published var. typica in 1900, or if Mueller had waited half 
a century to announce var. ochracco-albidus. Both P. una and M. oreophilus 
ultimately have acquired the conceptual status of the species in the broad 
sense, that is, of the biological complex as a whole. Their trinomials typica 
and ochracco-albidus have exactly the same significance, that is, they stand 
for the part of the species broadly understood which is typic in the nomen- 
clatural sense. Likewise, the subdivisions pilosa and floccosus are equivalent 
in this, that they represent a nomenclaturally atypie segment of the bi¬ 
nomial. Clearly, the var. typica (1942) of P. una (1900) is no more a “new 
name” of the binomial than is the var. ochracco-albidus (1866) of M. ore¬ 
ophilus (1866). Precisely in the same manner, two bars of iron of the same 
length and weight are identical regardless of the fact that one was sawed 
off the mother bar in 1866, the other in 1942. 
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The fallacies current on account of failure to properly understand the 
elements of time and concept in nomenclature are so numerous that I may 
add parenthetically a few words on the subject. As I have shown, Art. 18 
pitilessly scrambles three “types,” namely (1) type-names; (2) type-speci¬ 
mens; (3) biological types; falling as a result into the grossest contradiction. 
I have good reason to suspect that such unfortunate results are chargeable, 
more than to anything else, to a single factor. The near totality of taxono¬ 
mists untrained in the use of typicus and trinomials in general overstress the 
element of time against the element of concept. Accordingly, they are 
panicky or rebellious when somebody speaks of the trinomial typicus as the 
“type” of the species. They cannot see this at all, for they point out that a 
species must have a “type,” and that it is not true that all species have a tri¬ 
nomial typicus. Naturally, they argue, the “type” must be a specimen, 
figure, or description, for without such a ‘ 4 type” a species cannot even be 
born. A species, they further argue, does not need a trinomial typicus to be 
born. 

Instead of turning obdurate or panicky, these taxonomists ought to con¬ 
sider that they can publish Planta una in two manners, (1) by designating 
the type-specimen and adding no trinomial, as follows: Planta una —type- 
specimen: J. Doe 372. (2) By designating the type-variety together with 
some other trinomial (in theory, the type-variety alone could be legitimately 
and validly published, nothing forbidding this in the Rules) and listing the 
specimen either after the binomial or after the typic trinomial, as follows: 
(a) P. una —type-specimen: J. Doe 372; var. typica (una, genuina, etc.); 
var. lutea; (b) P. una; var. typica —type-specimen: J. Doc 372; var. lutca. 

It is for all to see that in the publication of P. una two elements are 
involved or may be involved, namely, (1) a type-specimen; (2) a type- 
variety. It is just as clear that the type-specimen may not be designated at 
publication, and so may not be indicated Jthe type-variety. It is downright 
untrue, of course, that a species needs the designation of a type-specimen 
to be born. The species of older authors, as a matter of fact, were practically 
all published without mention of specimens, least of all of type-specimens. 
Naturally, it is just as feasible to publish a type-variety without designating 
a type-specimen, as it is t© designate a type-specimen without publishing a 
type-variety. To elucidate this vital point, let us suppose that Planta una 
was published in 1801 in a valid and legitimate manner, without, however, 
the indication of a type-specimen or of a typic trinomial. It is open to a 
modern worker to choose right now this specimen and to publish this tri¬ 
nomial. Conversely, the type-specimen might have been chosen by a taxono¬ 
mist in 1825 and the type-trinomial (var. typicus, geminus and the like) 
published by another taxonomist in 1930. In other words: the concept of 
type-specimen (or its equivalents, description and figure) and the concept 
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of type-name (trinomial iypicns or its equivalents) are both hidden within 
the entrails of the species at birth and no limitations in time exist—in princi¬ 
ple—to their being pulled out to light. The taxonomists of an earlier genera¬ 
tion were inclined to muster into the world the type-trinomial sooner than 
the type-specimen, thus publishing a var. typica or the like even before 
having designated the type-specimen; we moderns, on the contrary, not only 
incline to bring forth the type-specimen first, but go so far as to accept our 
point of view as the whole truth, denying that a typic trinomial and a type- 
name in general is a “type” at all. This is an error, and so long as this error 
lives we will be unable to progress in nomenclature, for nomenclature is the 
art of putting together right names and right specimens. Obviously, to fit 
these entities together well we should be able to effect at all times and under 
all circumstances the proper distinction, what is a name and what is a speci¬ 
men. Somebody w T ho w r as not innocent of nomenelatural affairs wrote in ltec. 
iv of the current Rules the statement that the type of a new name in a 
species is “the type-variety or specimen.” Another somebody who was well 
advanced in knowledge, taking it for granted that sooner or later every 
species is bound to have a type-trinomial, spoke in Rec. xviii of the “sub¬ 
division of a species” which is “the type of the specific name.” Since Art. 
18, the ark in which is supposedly embalmed the “Type Method” itself, 
emphatically states that, the type of a species is only a specimen, description 
or figure—as already pointed out—the reader may draw his own conclusions 
as to the happy state of affairs that now prevails, with two Recommendations 
which contradict a “fundamental” Article which contradicts itself. 

Still another fallacy current on the score of typicus and its nomenela¬ 
tural equivalents is the belief that these epithets have hidden virtues of their 
own, which set them apart from the common run of other taxonomic names. 
At the very end of*the paper of Bolle elsewhere discussed in this review, 
Harms, Mattfeld, and Pilger contend that Bolle is wrong in his approach to 
the trinomial typicus , “da nach unserer Meiming diese Ausdriicke nach dem 
Sinne der liegeln nicht den eigentliehen Epitheta gleiehzusetzen sind, 
vielmehr nur als Bezeichnungen fur eine TJntergruppe gelten sollen, die dem 
Typus der ubergeordneten Gruppe entspricht” (in our view, these terms— 
typicus , genuinus , etc.—cannot be assimilated to true epithets in the sense 
of the Rules, because they are mere symbols for subordinate units which 
contain the type of the higher ones). 

On its face, this statement seems to be salted with philosophical flavor. 
Its authors draw a distinction between “Epitheta” and “Bezeichnungen,” 
inferring that Bolle is at fault because he failed to perceive how substan¬ 
tially different are these twb objects of nomenelatural thought, the “Epi¬ 
theta” and the “Bezeichnungen.” Had Bolle seen this radical difference, we 
are led to understand, he would not have written a paper at all to ask that 
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a Becommendation be enacted to check the spread of the use of typicus, 
genuinus , and the like trinomial epithets. Bolle would have worshipped the 
“Bezeichnungeh” and the “Epitheta” at different shrines, as do his censors, 
and abstained from sacrilegious writing. 

I do not believe that Bolle is right, as the reader knows, but I believe 
even less that his critics have a plausible case on their hands. The statement 
that typicus and its kindred are “Bezeichnungen” not “Epitheta” has 
mystical flavor much rather than philosophical taste. Like all mystical 
affirmations, this pronunciamento appeals to the heart of those who happen 
to accept it on faith, but cannot appeal to the mind of a dispassionate in¬ 
vestigator. Once again, this is a saying which is rooted in something taken 
for granted rather than carefully digested. What amount of thought do I 
convey to myself and others when I utter the jaculatory: “The typic tri¬ 
nomial is not an epithet but a symbol (Bezeichnung) ”? The answer is that 
I meah nothing at all. Every word, written or spoken, is both an epithet and 
a symbol of something that exists in nature or in the mind of man. Properly 
juggled, the letters a, e, r, t, and w spell water which is both the name (epi¬ 
thet) and the connotation (symbol) of a fluid that can be drank, swum 
through, and navigated on. So juggled, other letters can be made to spell 
Cabralea macrantha Harms, which is the name for a certain meliaceous 
plant from Rio de Janeiro, and the symbol of this entity in the eyes of a 
botanist, who by reading the name can visualize the plant. Still other letters 
suitably combined read Croton scaber Willd. var. genuinus Muell.-Arg., 
which is both the name and the “Bezeichnung” for a group under C. scaber 
which, being typic in the nomenclatural sense, if not in the biological one, 
cannot be segregated from C. scaber. Is there any difference between such 
a “Bezeichnung” as C . macrantha and such another as C. scaber genuinus? 
None indeed that can be seen; both apply to certain plants which they 
symbolize before the eye of a taxonomist. True, a binomial is not a trinomial 
and a Cabralea is not a Croton, nor is a typic variety an atypie one, even as 
stale bread is not fresh bread, but the names of all these quantities are 
“Bezeichnungeh” in their own right, and it is not what they are in the 
abstract that counts but how they react when used. How do Harms, Matt- 
feld, and Pilger factually* differ from Bolle in regard to handling the tri¬ 
nomial, typicus or "like epithets? So far as it - may be gathered, only in their 
belief that these names are “Bezeichnungen” while Bolle takes them for 
“Epitheta,” a difference which, as it has been shown, rests on the false 
assumption that a fundamental distinction is established between the two. 
What is then the practical implication of what the three authors write f None 
that these authors are able to state, beyond uttering the dictum that the 
proposal to drop typicus in the future is useful but not necessary (“ist zwar 
niitzlich, aber nichf erforderlich”). How useful and to what extent neces- 
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sary, or the other way around, and why, Harms, Mattfeld and Pilger, do 
not say. The affectation of brevity and pointedness displayed by oracular 
statements which are not short because they call for controversy, nor pointed 
because they miss the vitals of an issue, invites Montaigne’s comment, as 
quoted by the elder De Candolle (Theor. Elem. Bot. 310. 1819): “C’est 
dommage que les gens d’entendement aiment tant la brievete; sans doute 
leur reputation en vaut mieux, mais nous en valons moins.” (It is a pity that 
those-in-the-know so like to be brief; no doubt, their fame soars on this 
account, but we of the common people are left in the lurch.) 

In affirming that typicus is a “Bezeiehnung” in the sense of the Rules 
(“naeh dem Sinne der Regeln”) Bolle’s opponents appeal to the Rules as 
if they contain Articles or Recommendations to favor such an appeal. The 
Rules, in fact, reject it. Article 8 states: “Nomenclature deals with: (1) 
the terms which denote the rank of taxonomic groups (Art. 10-14); (2) 
the names which are applied to the individual groups (Art. 15-72).” In the 
German text of the Rules the word terms is rendered as Fachansdriickc 
(which is clearer, if possible, than its English counterpart), the names 
being known therein as Namen. Not a word is said about “Bezeichnungen” 
of any kind, and Art. 8 leaves no room to quibble, for it specifies the num¬ 
bers of the Articles which deal with terms as against those dealing with 
names. Since the trinomial typiens and its equivalents are mentioned for 
the first time by implication in Art, 18 and Rec. iv, and openly by Rec. xviii 
following Art. 30, it is patent that this trinomial and its kindred are names 
.according to the Rules. They differ, as we have seen, from other names only 
in one respect; they cannot be transferred unless they are accompanied by 
the units which they typify. This is not so much because they have special 
virtues of their own, and are “ Bezeichnungen” rather than <( Epitheta,” as 
because certain epithets normally used to connote the type-units below the 
binomial lend themselves to ambiguity when they are thoughtlessly trans¬ 
ferred. Proof of this statement is in the fact that Acomastylis data var. 
genuina and A. data var. data have the same meaning in taxonomy and the 
same function in nomenclature; they are absolute synonyms, as a matter of 
fact, because (see Art. 16) they have the same position (both stand under 
the same species, A. data) the same circumscription (both are based upon 
the very same type-specimen), and the same rank (both are varieties). The 
only difference between these Siamese twins is a matter of detail: A. data 
var. data can be transferred as easily as any other trinomial—despite its 
being a “Bezeichnung,” not an “Epitheton,” if we are to believe certain 
expounders—while A. data var. genuina cannot be transferred without loss 
of meaning on account of the general nature of the epithets genuinus and 
typicus . That a detail, not an essential point is here involved can be further 
proved by reference to the fact that a taxonomist who intends to publish the 
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typic variety of A . data is perfectly free to use genuina rather than data , 
or the other way around. He may use either one with the assurance that he 
will state precisely the same thing, convey the same meaning, be understood 
in the same sense. That so trifling a difference between genuina and data, 
or any other such set of trinomials, should have engendered lasting con¬ 
fusion, called for a monumental outpour of platitudes, ill-digested notions 
and loose thought, is truly astounding. 

It may be asked whether it is convenient to retain typicus, genuinus and 
the like in view of the positive liability which these epithets carry in their 
bosom when transferred. My opinion is that we must put up with these tri¬ 
nomials because they are already in the record, and it proves-impossible to 
outlaw them without inflicting irreparable damages upon the nomenclature 
now accepted. Nor is this liability without its compensation, for there is no 
opportunity for mistaking any trinomial labelled typicus , genuinus , or the 
like for a trinomial lacking typic status. As my final thought on the matter, 
I state my belief that the proper way of dealing with a delicate and exacting 
piece of machinery is not hitting it with a sledge-hammer, but learning how 
to use it. A student who intends to prepare himself for botanical work must 
put up with typicus and be ready to master its intricacies, precisely as he 
must learn to match specimens and to write a tolerable Latin diagnosis, all 
these being the essential requirements of his craft. Once the proper func¬ 
tions and the correct use of typicus are understood and suitable amend¬ 
ments are introduced into the Rules by those who understand these functions 
and this use, all reasons fall for preferring typicus to another trinomial. 

As a matter of fact, even under the Rules now in vigor such trinomials 
as Acomastylis data var. genuina must be transferred to A. Peckii as A. 
Peckii var. elata, not as A. Peckii var. genuina , for the following reason: 

(1) Article 18 states that the nomenclatural type is permanently at¬ 
tached to the group which it typifies. True, Art. 18 states at the skme breath 
that the nomenclatural type of a species is a specimen, figure or description. 
This, however, is belied by the very Note in Art. 18 and by Rec. iv and 
Rec. xviii. 

(2) Article 55 orders that the earlier valid epithet must be transferred 
when a trinomial is moved from one species to the other. This order contra¬ 
dicts the very definition of nomenclatural type given by Art. 18. Accord¬ 
ingly, Art. 18, Art. 55, Rec* iv and Rec. xviii work at cross purposes. 

(3 ) t Article 5 states that in the absence Of a relevant rule, or when the 
consequences of rules are doubtful, established custom must be followed. 

(4) “Established custom” cannot conflict with Art. 4 which prescribes 
that forms and names which may cause error and ambiguity or throw science 
into confusion must be rejected. 
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Iu conclusion, since it is patent that Acomastylis data var. genuina 
when transferred to A. Peckii as A, Peckii var. genuina yields a citation 
which causes error and ambiguity and throws nomenclature into confusion; 
that the consequences of the Rules are doubtful in the case at hand; that 
established custom must be followed; that established custom cannot tolerate 
forms that cause error and ambiguity;—it follows that A. data var. genuina 
must be transferred to A. Peckii as A. Peckii var. data, because this trans¬ 
fer (a) is factually correct in not altering the typification by specimens in 
the least; (b) is unequivocal, once the basinym is given and suitable critical 
notes are furnished. Naturally, no one should forever be expected to recon¬ 
struct the Rules where the Rules have broken down, as they have in the 
present case. Accordingly, the Rules must be suitably modified to take care 
of the contingencies illustrated in this discussion. However, to sum up, even 
under the present Rules it is possible to effect the proper transfer of the 
trinomial typicus, as has been shown. 

SUMMARY 

Two proposals made to amend the existing Rules of International Nomen¬ 
clature in regard to the typic trinomial (subspecific group typicus, genu- 
inns, and the like) are discussed in detail, reaching the conclusion that these 
proposals are unacceptable. The belief that the trinomial typicus differs from 
other trinomials in essential characters is refuted, and it is shown that the 
segregation of such a trinomial does not constitute a “new name.” In the 
face of widely circulated misapprehensions the true meaning of Art. 30 and 
Art. 58 of the current Rules is reestablished. To take care of the inconveni¬ 
ences arising when the trinomial typicus is transferred, a modification is 
proposed to Art. 55, showing at the same time that Art. 18 on the so-called 
“type method” is shot through with contradictions both in the text and in 
regard to Rec. iv and Ree. xviii of the current Rules. A brief account is 
given, based on examples, of the nature and function of the typic trinomial. 
It is shown how this trinomial can be properly transferred even under the 
existing imperfect Rules. 

Arnold Arboretum, Harvard University 
Jamaica Plain. Massachusetts 
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THE STATUS OF CERTAIN ANOMALOUS NATIVE CRAB- 
APPLES IN EASTERN UNITED STATES 

Rogers McVaugh 

Well known to anyone who has grown apples from seed is the abandon 
with which these plants produce viable and fertile hybrid offspring. Inter¬ 
varietal and interspecific crosses are produced freely, not only among apples 
but among species of most of the related genera. The several genera of the 
apple family (or subfamily) have long been noted for this behavior, and 
much of the distress felt by earnest taxonomic workers in this and other 
rosaceous groups is traceable directly to it. The combination and recombina¬ 
tion of characters brought about by repeated crossing, coupled with the 
chromosomal irregularities which are often initiated by such hybridization, 
has made the positive segregation of genetically distinct species almost im¬ 
possible in certain populations. 

In view of this tendency toward hybridization, it is not surprising to find 
that fertile crosses can be produced between the common cultivated apple on 
the one hand, and the native American crabapples on the other. There has 
been little concerted effort to effect experimental crosses of this sort except 
with stocks of the prairie crab, Mains wensis (Wood) Britton; this one 
species has been the subject of extensive investigations, chiefly by Professor 
N. E. Hansen of South Dakota, and some desirable new hardy hybrid stocks 
and varieties have been produced. 1 Native crabapples are common, however, 
in eastern United States, especially along the mountain chains from western 
New York to Alabama and Georgia, and there would appear to have been 
ample opportunity for cross-fertilization in this region, where the cultivated 
apple has flourished since its first introduction by the early colonists. 

As Professor L. H. Bailey has recently pointed out 2 in connection with 
his own studies of the blackberries, it is neither safe nor scientifically sound 
to assume hybridity for puzzling forms which do not fit one’s conception of 
any known species. The principal criteria of hybridity, as he goes on to say, 
are mostly three in number:(1) presence of the two [supposed] parents in 
the vicinity; (2) occurrence usually in small numbers, as if incidental or 
exceptional to the main population; (3) characters that appear to belong 
only to ^he parents in various degrees of combination.’* Actual proof of 
hybridity, of course, is sometimes possible by means of self-pollination (or at 

1 See, for example, the following by Professor Hansen: Plant Introductions (1895- 
1927). So. Dak. Exp. Sta. Bull. 224: 1-64. 1927; ibid. 309: 1-16. 1937; New Hardy 
Fruits for the Northwest, ibid. 339: 1-31. 1940; Taming the Native American Apple. 
Eep. So. Dak. Hort. Soc. 36; 61-62. U940. 

aGentes Herb. 6: 7. 1941. 
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least controlled pollination) of suspected hybrids; hybrid seedlings from 
continued crosses will eventually reproduce in some measure the combina¬ 
tions of characters found in the original species. Controlled crossing experi¬ 
ments are not always possible, however, especially with w r oody plants which 
take several years to come to maturity, so that the student must often content 
himself with observations on the plants as they occur in nature. 

Recently I have had occasion to collect and study material of the native 
crabapples, and my attention has been focused from time to time upon cer¬ 
tain trees wdiich are atypical—trees which appear to be anomalous in the 
midst of the general population. These* peculiar trees, occurring at widely 
separated localities from Delaware to Georgia and w T est to Indiana, look at 
first glance like crabapples which are but a little out of the ordinary. The 
technical characters are, for the most part, those of the American crabapples, 
so that any demonstration of their hybrid origin must rest upon their less 
obvious and perhaps intangible features. The most obvious difference be¬ 
tween these nonconformists and the ordinary native crabapple is that in the 
latter the leaves of vigorous shoots, and sometimes those of the fruit-spurs 
as well, are provided w'ith broad sharp lobes, so that the blades sometimes 
simulate those of the red maple. In the aberrant individuals, on the other 
hand, the blades are less strongly or not at all lobed, and so sometimes 
resemble those of cultivated apples. 

In 1913 Professor Alfred Rehder designated as a new species Mains 
platycarpa , a native crabapple in which the leaves were said to be 4 4 oval or 
elliptic, acute, serrate, not lobed, or sometimes slightly lobed at the end of 
vigorous shoots.’’ Thus w'as unwittingly created a convenient repository for 
any native crabapple w r ith unlobed or slightly lobed leaves; botanists since 
1913 have availed themselves of this to such an extent that the name Malus 
piat yearpa has lost its specific application and is now r used for a whole series 
of forms which appear to be of hybrid origin. We need not pass here upon 
the genetic constitution of Rehder’s original material, but his description, 
as will be pointed out below', sounds peculiarly like that of one of our sus¬ 
pected hybrids. 

The following table contrasts briefly the more obvious features of the 
cultivated apple with equivalent ones pertaining to the American crabapples 
of the Section Chloromcles (Decne.) Rehder ; 3 the latter are considered as a 

3 It should he noted that if the name Sect. Ghloromele* be used for the group of the 
American crabapples, it then becomes necessary to revive Sect. Calycomeles Koehne 
(Deutsch. Dendr. 257. 1893) for the group called by Rehder Sect. Eumalus Zabel. Koehne ’b 
Section Calycomeles originally comprised all the species of Malus supposed by him to have 
a persistent calyx, including the American species M. coronaria and M. august ifolia, five 
Old World species having involute unlobed leaves (now referred by Rehder to Eumalus ), 
and M. *‘crataegifolia** (M. florentina (Zuccag.) Selineid.), now referred by Rehder to a 
subsection of Sect. Sorbomalus' This latter species was apparently included in Calycomelcs 
by an oversight or error, since according to Schneider and Rehder it has a deciduous calyx. 
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unit, the several species agreeing closely in technical characters. Also con¬ 
trasted below are the characters of the series of plants called Malus platy - 
carpa, including not only the original platycarpa of Rehder, but also certain 
other native plants, referred to above, which have various features in com¬ 
mon. 


A 

Cultivated Apple 


B 

“Malus platycarpa** 


C 

Other American Crabs 
of Section Chloromeles 


Trunk becoming thick in 
age, often more than 30 
cm. in diameter. 

Branches not thorny. 

Leaves rolled (involute) 
in the bud. 

Leaves never lobed nor¬ 
mally, even on vigorous 
shoots. 

Fruits various in size, 
often 5-10 cm. in diam¬ 
eter. 

Fruit usually red or yel¬ 
low, or red-clieeked. 

Fruit with a small de¬ 
pression at apex, the core 
united with the flesh and 
its apex not protruding. 
Pedicels short and stout, 
usually 1-2.5 cm. long, 
and up to 2 mm. in diam¬ 
eter. 

Pedicels and outer surface 
of hypanthium densely 
pubescent at flowering 
time. 

Anthers pale yellow. 


Flowering season early. 


Trunk reaching a maxi¬ 
mum diameter of at least 
35 cm. 

Branches thorny or in 
some plants not at all so. 


Trunk usually-15 cm. in 
diameter or less, some¬ 
times reaching 25 cm. 
Branches usually defi¬ 
nitely thorny. 


Loaves folded (conduplicate) 
in the bud 


Leaves usually unlobed, 
or those of vigorous shoots 
lobed. 

Fruit often 4-6 cm. in 
diameter. 


Leaves regularly lobed, or 
those of the fruit-spurs 
unlobed. 

Fruit usually not more 
than 4 cm. in diameter. 


Fruit green, yellow, or Fruit green, yellowish- 
red-cheeked. green or yellow. 

Core with a free pointed apex 
not fused with the flesh of the 
fruit. 


Pedicels nearly like those 
of group C, but sometimes 
shorter and stouter. 


Pedicels and hypanthium 
usually pubescent, some¬ 
times densely so. 


Anthers pink or salmon 
color, or yellow with al¬ 
most no pink. 

Flowering season that of 
group A or slightly later. 


Pedicels slender, often 
3-4 cm. long, about 1 mm. 
in diameter (exceptions 
in Ohio-Indiana region 
and w.) 

Pedicels and outer sur¬ 
face of hypanthium gla¬ 
brous (exceptions as above 
and pedicels sometimes 
sparsely pilofte). 

Anthers pink-or salmon- 
color. 

Flowering season late. 


It is at once evident, upon inspection of the table, that the “ platycarpa” 
group is morphologically intermediate between the American crabs and the 
cultivated varieties, showing an undoubted affinity to the former. Professor 
Bailey's third criterion of hybridity, the appearance in the supposed hybrid 
of characters belonging to the two parents, may be abundantly tested with 

The section Calycomeles may accordingly be typified by one of the remaining species. Since 
Behder has already typified his section Chloromeles , basing it upon Malus angustifvlia 
(Jour. Arnold Arb. 2: 49. 1920), there is left in Calycomeles a group of species all of 
which have been included by recent authors in Eumalus . Since Calycomeles (1893) ante¬ 
dates Eumalus (1906) it is necessary to employ the former when using it as the name of a 
Section. The Section Calycomeles may be typified by Malus sylvestris Mill. 
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respect to Malus platycarpa. Many of the characters of the American crabs 
appear to be wholly or partially dominant, so that all the supposed hybrids 
which I have seen resemble these species rather markedly. In this connection 
it is noteworthy that crabapples of known hybrid ancestry, specifically a 
series of the Hansen hybrids between forms of Malus ioensis and varieties 
of the cultivated apple, resemble the former very strongly. A series of these 
hybrids is available for study at the U. S. Plant Introduction Garden at 
Glenn Dale, Maryland; in all characters of leaves and branchlets they are 
strikingly similar to the ioensis parent. 

Although trees of the supposed “platycarpa” stock have certain features 
in common, the stock is by no means a homogeneous one. Trees from different 
localities differ markedly in characters of the branches (chiefly in the greater 
or lesser number of thornlike branchlets present), in leaf-shape, and in size 
and other characters of the fruit. The fruits of u platycarpa” while usually 
larger than those of the native crabapples, are as variable as might be ex¬ 
pected among the offspring of the hundreds of varieties of cultivated apples. 
They vary in shape from flat or depressed-globose (the shape of the original 
platycarpa) to globose (sometimes even becoming higher than broad); one 
tree near Andrews, North Carolina, bears apples of a sheep-nose type. In 
color these fruits vary from a dull green like that of some native crabs to a 
clear pale yellow not unlike that of the Transparent, or to a red-cheeked form 
resembling some of the cultivated crabapples. It seems altogether improbable 
that fruits of such diverse types should be produced by a single species, espe¬ 
cially since no other native species is known to vary in this way, and it seems 
probable that the different sorts have arisen following hybridization between 
native apples and cultivated varieties which are distinguished chiefly by 
fruit-characters (figs. 1, 2). 

In almost all the other characters which are readily studied, plants of 
Malus “ platycarpa” se semble the American apples rather than the European 
one; it is even possible, moreover, to suggest which of several species of native 
crabs may have been concerned in the supposed cross, chiefly through study 
of leaf-characters. In the region where Malus angustifolia is the only native 
apple, the southeastern Coastal Plain and Piedmont, the leaves of “platy¬ 
carpa” invariably approach those of angustifolia in shape and petiole- 
length ; between Baltimore and Wilmington, however, where several colonies 
of “platycarpa” are known, the leaf-shape and petiole-length of these plants 
approach that of M, coronaria, the prevailing species of that region (see 
figure 3). In areas like that in the vicinity of Asheville, North Carolina, 
where both M. angustifolia and M. coronaria and its relatives occur, it has 
not been possible to distinguish between the effects of the two species in 
crosses with cultivated varieties. 
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A character which is doubtless related to the genetic constitution of any 
given plant, but which is not readily evaluated except by comparative and 
simultaneous studies on whole series of plants, is that of date of flowering. 
This date is influenced to a considerable extent by regional and local climates 
and by other factors, and so varies somewhat from place to place and from 
year to year. Different species and varieties of apples, however, appear to 
bear a reasonably constant relation to each other in this respect. Where Malus 
glabrata, M. coronaria , and M. angustifolia grow together, the flowering 
period of the first two is a week or ten days ahead of that of M. angustifolia , 
and is slightly preceded in its turn by the flowering of the cultivated apples. 
This relation appears to obtain regardless of season or locality. One would 
expect, therefore, that hybrids of Mains angustifolia would be met with in¬ 
frequently, because of the rather considerable discrepancy between its flow¬ 
ering period and that of the cultivated stock. This is borne out in practice, 
so far as I have observed; most of the plants of “platycarpa” have been 
found in areas where M. coronaria is the only native species known to occur. 
Malus glabratai is not taken into consideration, as it is a rare species confined 
to high coves in the mountains of western North Carolina. 

Plants of Malus “platycarpa” regularly flower with or slightly later than 
cultivated apples in the same vicinity, and considerably ahead of plants of 
M. angustifolia , but precede M. coronaria not more than a few days. In the 
vicinity of Washington, 1). C., on April 19, 1942, thickets of “platycarpa” 
apples were budding, with pink-balloon-like petals just beginning to sepa¬ 
rate; in the same fields, immediately adjacent to these trees, were cultivated 
apples in full bloom, while in Rock Creek Park not more than two miles away 
the native M. angustifolia had not yet begun to show pink in its tiny buds. 
Near Newark, Delaware, and near Baltimore, Maryland, on May 3, 1942, 
orchards had passed the height of their bloom and plants of Malus “platy¬ 
carpa” were dropping their petals, while nearby plants of M. coronaria w r ere 
still partially in bnd. At the foot of Lookout Mountain, in Dade County, 
Georgia, on April 27, 1941, a “platycarpa” tree had dropped most of its 
petals, as had cultivated trees; native trees in identical situation a few miles 
down the valley w T ere just coming into flow T er. Two days later, near Blue 
Ridge, in Fannin County, Georgia, a specimen of Malus “platycarpa” was 
in full bloom along the road, in marked contrast to nearby specimens of M. 
angustifolia that were yet in bud. 

Explanation of figure 1. 

Fruits of supposed hybrid crabapples, natural size. Three large fruits in upper row are 
from McVaugh 5441 , Virginia, neg. 77765; three small round fruits in center are from 
McVaugh 5402 , Maryland, neg. 77789; bottom row and the cut fruit are from McVaugh 
5497, Virginia, neg, 77917, Note variation in size, shape, color values, degree of glaucosity, 
and length of stem. Negative nuinbers refer to photographs in the files of the Division of 
Plant Exploration and Introduction. 
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In regard to the second of the criteria of hybridity mentioned above, 
namely the presence of the two supposed parents in the vicinity of the sus¬ 
pected hybrid, it is noteworthy that most if not all the known occurrences 
of Mains “platycarpa” have been in or near inhabited places where both 



Fig. 2. Fruits of native American crabapples, natural size. Top row, Malus angusti - 
folia (Ait.) Michx., from a collection by 0. M. Freeman, District of Columbia. The fruit 
is often lopsided (second from left) and the thickened peduncle is characteristic. Neg. 
77763. Second row, Mains glabrdta Rehd., from McVangh 5495, a cultivated tree at Ithaca, 
New York. The fruit is yellow and characteristically flattened and angled; Neg. 77906. 
Bottom row, Mains coronaria (L.) Mill., from MoVmgh 5448 , Perry Co., Pennsylvania; 
Neg. 77764. 

native and cultivated apples were also known. Malus platymrpa var. 
Haopesii (Rehd.) Rehd., one of the many forms of “platycarpa” as that 
group is understood in this paper, originated in a nursery at West Chester, 
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Pennsylvania, and was sent to the Arnold Arboretum in 1876. According to 
notes made by T. G. Harbison, who collected the original specimens of Malus 
platycarpa, the species occurred as “ scattered trees . . . near Franklin 
[North Carolina] at a distance of from 8 to 15 miles from the [original] 
locality.” Harbison is also quoted as saying 4 ‘As this tree grows in the fertile 
soil of bottoms it has been nearly exterminated by the clearing of the val¬ 
leys.” 

In 1929, Doctor S. F. Blake discovered a thicket of “platycarpa” crab- 
apples in Arlington, Virginia, on the outskirts of Washington, and more 
recently additional trees have been found a few miles further south, near 
the Arlington-Alexandria boundary. A thicket comprising thousands of 
plants of vigorously growing crabapples borders the main highway to Phila¬ 
delphia at the eastern boundary of the City of Baltimore, where these trees 
seem to compete favorably with ordinary wild plants in the vicinity. Further 
northeast, just south of Newark, Delaware, in a long-settled and intensively 
farmed area, several large trees of “ platycarpa” occur in a pasture. Further 
south and west suspected hybrids occur along roadsides near McArthur, 
Ohio, near Hendersonville, North Carolina, and at several places in northern 
Georgia. 

It is not always possible, naturally, to find cultivated apples, native crabs, 
and the putative hybrids between them, all growing happily together in the 
same thicket. In all the localities enumerated above, however, both possible 
parent types are known to occur, either in the immediate vicinity of the sup¬ 
posed hybrids, or, at most, at distances of a few miles. Cross-pollination by 
insects is often effected over distances of this order of magnitude, and birds, 
or other animals, frequently carry seeds or whole fruits to similar distances 
from the parent plants, so that in this one respect a hybrid origin for all the 
known plants of Mains “platycarpa ” is entirely possible. 

The third criterion of hybridity, again to quote Professor Bailey, is “oc¬ 
currence usually in'small numbers, as if incidental or exceptional to the 
main population.” Without exception the plants of Malus ‘‘ platycarpa" 
known to me are isolated or anomalous trees, local in occurrence and differ¬ 
ing markedly from the remainder of the apple population in the vicinity. 
There are apparent exceptions to this near Baltimore and near Washington 
where Malus “platycarpa” reproduces exceptionally w r ell by seed, forming 
extensive thickets. A clue to this behavior is found, however, in the fact that 
the seedlings making up these thickets agree with their elders exactly, leaf 
for leaf and feature for feature. Other species of Malus, and species of related 
genera, including Crataegus, are known to behave in exactly this fashion; 
triploid and other types, apparently of hybrid origin, come true from seed 
even when exposed to foreign pollen. Some of these do not develop viable 
pollen of their own and are thought to have developed an apogamous or par- 
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thenogenetic process by which fertile seeds are produced in the absence of any 
fertilization whatever. Pew of the “plat year pa” plants have been investi¬ 
gated cytologically, 4 but such an investigation is highly desirable and might 
settle finally the question of the hybrid origin of these forms. Chromosome 
counts have been made upon some of the hybrids developed by Professor 
N. E. Hansen in South Dakota. One of these, Kola, was determined to be a 
tetraploid (2n = 68) by Nebel; 5 other varieties have been investigated by 
Professor P. B. Lincoln of the University of Maryland, who finds that the 
chromosome number varies from 34 in some varieties to 51 or 68 in others. 
The parents of the triploid and tetraploid varieties are themselves said to 
be normally diploid. 6 

The total of the evidence at hand, although this evidence is chiefly infer¬ 
ential, indicates a probable hybrid origin for a series of forms which have 
been known collectively as “Mains platycarpa.” Although it is clearly unsafe 
to predicate the hybrid nature of plants known from herbarium specimens 
alone, it appears from such specimens and from the description of Malus 
platycarpa var. Hoopcsii and the original M. platycarpa of Rehder that 
these are also to be regarded with suspicion. 

Some of the collections referred by botanists to Malus platycarpa may 
have been taken from aberrant individuals of genetically pure species, but 
it is highly improbable that the entire series of plants discussed in this paper 
has arisen through variation alone. Much additional information is needed 
in order satisfactorily to establish the status of these anomalous trees, and 
botanists and collectors will do well to make ample notes and full collections 
from them at every opportunity. 

Following is a discussion of the material upon which the present paper 
is based: 

Delaware: Three miles south of Newark, Newcastle Co., McV. t augh 649 f. 7 
Several round-headed open-grown trees in a pasture, the largest'about 8 m. 
tall and with a single trunk about 35 cm. dbh. Branches not at all thorny; 
leaves slightly lobed on vigorous shoots; pedicels definitely hairy; petals 
almost all fallen on May 3, 1942; fruit somewhat flattened, not over 4 cm. in 
diameter, resembling that of native species. Native species are not abundant 
in this vicinity > but are known to occur locally near Christiana (about 10 
miles away) and in southeastern Chester Co., Pennsylvania (at about the 
same distance). 

« A report of the occurrence of tetraploidy (2n*=68) in Malus platycarpa was made 
recentl/by F. B. Lincoln and L. P. McCann (Proc. Am. Soc. Hort. Sci. 34: 26. 1937), but 
the source of the material was not stated and there appears to be no way to check its 
authenticity. 

s Gartenbauwiss. 1: 549-592. 1929. 

« Proc. Am. Soc. Hort. Sci. 37: 217. 1940; 8. Dak. Exp. Sta. Bull. 339:'’ll. 1940. 

* Herbarium specimens cited in this paper, unless otherwise indicated, are deposited in 
the Herbarium of the United States National Arboretum, Washington, D. C. 
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Maryland: Along U. S. Highway No. 40, east of Baltimore City Limits in 
Baltimore Co., McVaugh 5462 (Sept. 29, 1940, in fruit) and 5500 (April 20, 
1941, in bud). Hundreds of vigorous plants forming extensive thickets over 
an area more than a mile long; the plants commonly have an upright habit 
quite distinct from that of the ordinary native apple. Branches not at all 
thorny; leaves slightly lobed on vigorous shoots $ pedicels white-tomentose; 
petals fallen and fruit slightly enlarged on May 3,1942; Fruit 3.1-3.7 cm. in 
diameter, 2.8-3.4 cm. high, greenish-yellow, glaucous, faintly odorous and 
very slightly waxy; seeds none, or 1-4. Native species are not abundant in 
this region, but plants occur locally at points 1-5 miles distant. Figures 1, 3. 

Virginia: 1. Thickets at corner of Glebe Road and Washington Boule¬ 
vard, Arlington, McVaugh 5497 (October 24, 1940, in fruit). From the same 
thicket, 8. F. Blake 10831 (April 23, 1929, in flower, Oct. 15, 1929, in fruit). 
About twenty scattered plants on gravelly overgrown hillsides. Branches 
somewhat thorny; leaves slightly lobed on vigorous shoots; buds beginning 
to open on April 19, 1942; fruit flattened, 3.9-5.2 cm. in diameter, 2.9-3.S 
cm. high, yellowish-green, glaucous, fragrant and slightly waxy; seeds 
usually about 5. Native crabapplcs are scarce in this region; a few supposedly 
native plants of Malus angustifolia are known from the District of Colum¬ 
bia. Figures 1, 3. 

2. Abandoned pasture, lowlands called “Hell’s Bottom,’’ south of Colum¬ 
bia Pike and east of Arlington Ridge Road, Arlington, McVaugh 5141 , 5442 
(September 15, 1940, in fruit). Specimens from the same locality, F. B. 
Fosberg 16971 (flower) and 17432 (fruit), are to be distributed. About 
twenty small trees associated with cultivated apple (seedlings?). Branches 
not or but slightly thorny; leaves lobed on shoots, suggesting the shoot-leaves 
of Malus angustifolia (fig. 3); pedicels hairy; buds “ballooned” on April 
19. 1942; fruit flattened, 3.5~4.5 cm. in diameter, 2.S-3.5 cm. high, greenish- 
yellow, usually with a red cheek, glaucous, almost without fragrance and 
w T axy covering (fig. 1) ; seeds 4^-10. 

North Carolina: 1. Roadside thickets 4.5 miles north of Hendersonville, 
Henderson Co., McVaugh 5632. A single tree about 6 m. tall, with spiny 
branches, associated with Malus angustifolia* and cultivated apples. Leaves 
not lobed; plant in full bloom on April 30, 1941, when M. angustifolia in the 
same thicket was still partially in bud; pedicels hairy or tomentose; anthers 
yellow or very faintly pinkish; fruit unknown. Native crabapples are abun¬ 
dant in this region. 

2. Roadside 3.4 miles west of Franklin, Macon County, McVaugh 5624. 
A single plant; branches not spiny; growth and bark like those of the culti¬ 
vated apple; leaves very slightly lobed on vigorous shoots; plant in full 
bloom on April 29, 1941, slightly in advance of nearby trees of M. angusti- 
folia; pedicels hairy; anthers cream-yellow, slightly pink-tinged; fruit un¬ 
known. Native crabapples are abundant in this region. 

3. Edge of cultivated field 4.2 miles northwest of Andrews, Cherokee Co., 
McVaugh 5618. A single open-grown tree about 6 m. tall, the branches 
scarcely spiny; leaves somewhat lobed on vigorous shoots; pedicels hairy; 
flowers almost all open on April 29, 1941, somewhat in advance of nearby 
native trees; fruit of the last (1940) season fallen at this date, mostly about 
4 cm. in diameter, a little longer than broad, slightly sheep-nosed. Native 
apples are not abundant in this region, but occur sparingly throughout. 
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Fig. 3. Leaves of representative American crabapples and supposed hybrids, in seven 
groups. Each group comprises two or more leaves from a single tree, including the follow¬ 
ing types; 1) A large leaf from a vigorous shoot; this leaf indicates the maximum size 
and maximum degree of lobing for the tree in question. 2) Leaves from the base of vigor¬ 
ous shoots or those produced by fruit-spurs after the flowering season; these two types arc 
indistinguishable. Leaves of this sort are regularly smaller and narrower than the lobed 
leaves from vigorous shoots. 3) Small leaves from the fruit-spurs; these are present at 
flowering time and persist until late in the season; they are usually not lobed except in 
M. gldbrata and in forms of M . coronaria and M. ioernns. Neg. 79705. All leaves about l 
natural size. 

Bottom row, left to right: 

M. * * platycarpa,** McVaugh 5462, Baltimore, Maryland. Note the relatively long 
petioles in this group and two following. 

M. coronaria (L.) Mill., B. Long 16985 (in herb. Morris Arboretum), from Newcastle 
Co., Delaware (three largest leaves), and McVaugh 6495 , Chester Co., Pennsylvania (two 
small leaves). Note that lobed and unlobed leaves may be found on the same plant. Some 
forms of M . coronaria have more strongly lobed leaves, with sharper serrations, than d,o 
those shown here. 

M . ‘ ' platycarpa>.’’ McVaugh 5765, Vinton Co., Ohio. 

Top#row, left to right: 

M, anigustifolia, McVaugh 5227, Talbot Co., Georgia. This is not an unusual leaf-form 
in this species, although forms with crenate leaves are common. Note the short petioles in 
this group and the three following. 

M. platycarpa Behd., Sarbison , ‘ 1 April 22, 1911, ’ * from Macon Co., North Carolina 
(in XT. S. National Herbarium). The date is apparently erroneously given; tile maturity of 
the specimen indicates that it was collected in the fall. 

M, “platycarpa,** McVaugh 5497 (two at top) and Blaise 10881 (at bottom), Arling¬ 
ton, Virginia. 

M. “platycarpa,** McVaugh 5441, Arlington, Virginia. 
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Georgia : 1. Roadside, edge of field, 2.2 miles east of Blue Ridge Hotel, 
Blue Ridge, Fannin Co., McVangh 5614. A single open-grown tree about 6 m. 
tall; branches not spiny; growth and bark like those of the cultivated apple; 
leaves not lobed; pedicels and calyx hairy; plant in full bloom on April 29, 
1941, slightly in advance of trees of M. angmtifolia in the same valley about 
2 miles further west; fruit unknown. 

2. Pasture on Bible Farm 1 mile north of Sulphur Spring Station, Dade 
Co., McVaugh 5594. A single open-grown tree about 8 m. high. Branches not 
spiny; leaves not lobed; pedicels and calyx more or less tomentose; petals 
almost all fallen on April 27, 1941; on the same day Malm angmtifolia at 
Valley Head, Alabama (also at the foot of Lookout Mountain) was in full 
bloom, and at the summit of Lookout Mountain near DeSoto Falls the same 
species was in bud. Native crabapples are abundant in this region. 

Ohio : Roadside bank in woods above stream, 4 miles northwest of Mc¬ 
Arthur, Vinton Co., McVaugh 5765 , July 4, 1941. A single tree about 5 m. 
tall; branches scarcely spiny; leaves and habit like those of the cultivated 
apple, the leaves not at all lobed except on the most vigorous shoots; pedicels 
hairy at the above date; flowers and mature fruit unknown; core of imma¬ 
ture fruit that of the section Chloromeles. Figure 3. Native crabapples occur 
throughout this region. 

SUMMARY 

At various localities in eastern United States occur trees which are cer¬ 
tainly derived from native American sources but which do not comprise a 
homogeneous stock and which 1) Occur as anomalous or isolated individuals 
or groups in the midst of undoubted native populations, and 2) are morpho¬ 
logically and physiologically intermediate between native species and the 
introduced, cultivated apple. This series of forms is usually characterized by 
fruit larger than that of the American crabapples and by leaves possessing 
a lesser degree of lobing than those of the native species. Most of these forms 
have been called “Mains platycarpa Rehd. M or “Mains platycarpa var. 
Hoopesii (Rehd.) Rehd.” It is inferred from observation and from compari¬ 
son with hybrids of known parentage that most, if not all, of the plants 
previously referred to Mains platycarpa , including probably the original 
material and that of var. Hoopesii , are of hybrid origin. It is supposed that 
hybridization has taken place between cultivated apples and native species 
of Malm , section Chloromeles , occurring in the same region. Experimental 
proof is needed to confirm this hypothesis. 

Division of Plant Exploration and Introduction, 

Bureau of Plant Industry, 

IT. S. Department of Agriculture, Beltsville, Md. 
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CHROMOSOMES OF ASTRAGALUS 

Hilda Vilkomerson 

Some species of Astragalus absorb and accumulate selenium from sele- 
niferous soils; other, closely related species do not (15). Preliminary to a 
genetic study of this physiological variation, a survey was made of the chro¬ 
mosome number relationships in 26 North American species of Astragalus , 
whose responses to selenium have been determined by Death and by Trelease 
(1,15). 

Germinating seeds of the various species were obtained from Prof. Sam 
F. Trelease. Chromosome numbers were counted from metaphase plates of 
seedling root-tips fixed in Craf (modified Navashin) fluid, sectioned at 12 p 
(Randolph's card technique (8) being used for handling large numbers of 
roots),'and stained with Newton's crystal violet-iodine. 

Of the 26 species studied, 11 have 24 chromosomes (2n; fig. 1). All these 
are selenium absorbers, as is also the one 44-chromosome species (fig. 2). 
One species, a non-absorber, has 16 chromosomes (fig. 3). Thirteen species 
have 22 chromosomes (fig. 4), and of these, four are selenium absorbers, nine 
non-absorbers. 1 From Table 1 it is evident that members of the Lonchocarpi 
or of the Podo-sclerocarpi groups are the desirable species for genetic study 
of selenium absorption, since these groups include species of like chromo¬ 
some number and unlike reaction to selenium. 

With a single exception, the karyological evidence supports the taxonomic 
grouping of M. E. Jones’ revision of the genus (4). His group Galegiformes , 
however, includes species which differ both in selenium response $nd in chro¬ 
mosome number ( Astragalus Drummondii and A. racemosus). According to 
Rydberg's classification (12), too, these species would be grouped together 
in the genus Tium (table 2). Likewise, the cytological findings do not sup¬ 
port the unity of Rydberg's genus Cnemidophaeos. Physiologically this group 
of species is homogeneous; but here the disparity in chromosome number is 
paralleled by considerable morphological divergence (4). Indeed, Rydberg 
in earlier treatments of this material (9, 10) had recognized this difference 
by using two generic names— Cnemidophacos for A. flavus and A. conferti- 
florus , ai^d Ctenophyllum for A. Grayi and A. pectinatus. Gray made a like 
distinction (3). As for Rydberg's Phaca Preussvi, his earlier grouping of 

^One species of the very closely related genus Oxytropis-~0, pinetorym (Heller) 
Rydb. (0. saximontana Nels.), which is an important “loco" weed, though not a selenium 
absorber—was studied. The 2n number is 48. Some so-called loco weeds actually belong in 
the genus Astragalus (e.g., A. mollissvmus and A. Earlci) • seedlings of these, however, 
were not available for study. 
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this species with Jonesklla Pattersoni and J. praelongtis (11) would seem 
justified. 

In previous cytological studies of Astragalus , ten workers (14) have re¬ 
ported chromosome numbers for 44 Old World species and 4 New World 

TABLE ] 


Species (Jones’revision) 


Selenium Chromosome 
absorption number (2n) 


lnflali 

Astragalus lentiginosus var. palans Jones 


Podo-sderocarpi 

A. toanus Jones + 

A. rafaelensis Jones 4 

A. Grayi Parry + 

A. peciinatus Dougl. 4- 

A . Casei Gray 

A. pterocarpus Wats. - 

A. tetrapterus Gray 
A. sderocarpus Gray 

A. canon is Jones . - 


Prcussii 

A. Prcussii Gray f 

A. limafus Sheld. * 

A. Pattersonii Gray 4 

A. praelongus Sheld. (Pattersonii var.) 4 

A. Bcathii Porter I 


Uliginosi 

A . canadensis Tourn. in L. (=A. carohnianns Mac- 
Mill., not L.) 

Sar cocarpi 
A. crassicarpus Nutt. 


Ocreati 

A. confertiflorns Gray + 

A. flavus Nutt, (confertiflorns var. flariflorus 

Kuntze) t 

Bisulcali 

A. haydenianus Gray 4- 

A. bisnlcatus (Hook.) Gray H 

A. oocalycis Jones + 

Gale gif ormes 

A. raccmosus Pursh + 

A. Vrummondii Hook 

Lonchoccvrpi 

A. Ostcrhoutii Jones . + 

A. lonchocarpus Torr. 


22 

22 

22 

44 

22 

22 

22 

22 

22 

22 


24 

24 

24 

24 

24 


16 


22 


24 

24 


24 

24 

24 


24 

22 


22 

22 


species. Thirty-three of these have the 2n number 16, three species have 32, 
one 36, four 48, five 64, and one 96. There is one 28-chromosome species. 
Both Senn (13) and Kreuter (6, 7) emphasize the consistency of the basic 
chromosome number 8 throughout the Galegeae, and the latter cites Astra¬ 
galus as an “especially behutiful example’’ of this uniformity. Even though 
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only a small percentage of the species of this enormous genus has been 
studied (it contains some 1500 species), this strict uniformity is not wholly 
borne out by the data on our North American species. To fit the pattern of the 
species previously studied (basic numbers 7 and 8), we might derive the 24- 
and 22-chromosome groups from hybrids of species with 32 and 16 chromo¬ 
somes and 28 and 16 chromosomes, respectively. Such triploid species would 
be highly unstable, however, owing to irregular meiotic pairing. The 22-chro- 
mosome group could have arisen by aneuploid loss from a 24-chromosome 
form. Indeed Kreuter (7) indicated the possibility that further study might 
be expected to show Astragalus species which had “arisen by a diminution” 
of chromosome number. Somewhat suggestive of such a relationship is this 
portion of the phylogenetic tree proposed for Astragalus in Jones’ mono¬ 
graph. (The selenium-absorbing species, apparently, are restricted to these 
two branches.) 



But in the Leguminosae, as in the Cruciferae, aneuploidy is a common rela¬ 
tion between tribes and between genera, but not within genera (13). There 
remains, then, only the assumption of the basic numbers 8,11, and 12 for our 
species. 

The sporadic occurrence of isolated polysomatic cells is not uncommon in 
Astragalus , nor is it restricted to this genus of the Leguminosae. Tschechow 


TABLE 2 


4 ' Species (Rydberg ’& revision) 


Homalobus podocarpus (Hook.) Rydb. (A. ftclero ■ 
carp'll*) . 

Diholcos bimdcatus (Hook.) Rydb. 

Z>. haydenianus (Gray) Rydb. 

Z>. oocalycis (Jones) Rydb. 


Selenium 

absorption 


+ 

+ 


Chromosome 
number (2n) 


22 

' 24 
24 
24 
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TABLE 2 ( Continued) 


Species (Rydberg’s revision) 


Cnemidophacos flavus (Nutt.) Rydb. , , 

<7, confertifloras (Gray) Rydb. 

C . toanus (Jones) Rydb. . 

C . rafaelensis (Jones) Rydb. . , 

C. Grayi (Parry) Rydb. . 

C. pectinatus (Dougl.) Rydb. 

Xylophacos Casei (Gray) Rydb. , . 

Pterophacos pterocarpus (Wats.) Rydb. 

P. tetrapterus (Gray) Rydb. 

Lonchophaca macrocarpa (Gray) Rydb. (A . loncho- 
carpus) 

L. Osterhoutii (Jones) Rydb. 

Phaca Preussii (Gray) Rydb. 

P. Crotalariae Benth. (A. limatus) 

Tium Drummondii (Dough) Rydb. 

T. racemosum (Pursh) Rydb. 

T. palans (Jones) Rydb. 


Selenium 

absorption 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


Chromosome 
number (2n) 

24 

24 

22 

22 

44 

22 

22 

22 

22 


22 

22 

24 

24 

22 

24 

22 


Brachyphragma Serenoi (Kuntze) Rydb. (A . canonis) 


22 


Jonesiella Pattersoni (Gray) Rydb. 
J. praelonga (Sheld.) Rydb. 


+ 24 

+ 24 


Astragalus canadensis L. 

Geoprumnon crasstcarpum (Nutt.) Rydb. 


16 

22 



Fig. 1. Somatic metaphase, of Astragalus Preussii (2n = 24). Fig. 2. A . Grayi (2n 
44). Fig. 3. A. canadensis ( carolinianus ) (2n = 16). Fig. 4. A . toanus (2n = 22). Fig. 
, Polysomaty in A. canonis, showing 22 pairs of chromosomes. In later divisions, such 
cells show 44 chromosomes, unpaired. 
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(16,17) reported such cells in two of the species he studied— A. attmcus and 
A. candidissimus. In the latter, indeed, he sometimes found tetraploid num¬ 
bers (syndiploid he calls them) in up to 40 per cent of the metaphase plates. 
In our material such cells were found in three of the species studied— A. 
DrummondiiA . tomns, and A. canonis —but here they were very rare 
(fig. 5). Polysomatic cells have been reported, in varying degrees of fre¬ 
quency, for species of several other leguminous genera: Acacia, Albizzia, 
Canavalia, Cassia , Cicer, Glycine , and Phaseolus (2, 5, 6, 17). 

SUMMARY 

Chromosome numbers are reported for 26 North American species of 
Astragalus and are correlated with selenium absorption data. Possible phylo¬ 
genetic interrelations are discussed. Polysomaty is reported in three species. 

The author is grateful to Professors M. M. Rhoades and Sam P, Trelease 
for their interest and helpful suggestions. 

Department of Botany, Columbia University 
New York 
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INJURIES TO TREES CAUSED BY CELASTRUS AND VITIS 1 

H. J. Lutz 

Observations by the writer over a period of years have revealed that 
bittersweet ( Celastrus scandens L.) and grape {Vitis aestivalis Michx., V. 
vulpina L.„ V. labrusca L., and V. bicolor Le Conte) vines cause distinctive 
injuries to the stems and branches of young trees. These climbers, which are 
common or locally abundant in the forests of the eastern United States, are 
relatively intolerant of shade and are encountered most frequently in stands 
of young trees, in understocked stands and near forest borders. In other 
words, they are most abundant in stands representing early stages of sue- 



Fig. 1. A, B, and C, stems of Sassafras albidum (Nutt.) Nees. showing the injury- 
caused by Celastrus scandens L. B, a longitudinal section through the stem A (1/10 natural 
size). I) to H t stems injured by Vitis spp. D, E, and F, Acer rubrum L. G, Acer saccbarum 
Marsh. H, Hamamelis virginiana L. (i natural size), 

cessional development; as stand density increases the number and vigor of 
the vines decreases. South and west slopes appear more favorable for their 
development than are north and east slopes. Other vines such as poison ivy 
{Rhus 1 toxicodendron L.) and the Virginia creeper ( Psedera quinquefolia 
(L.) Greene) climb trees but they do not twine around the stems so as to 
cause constrictions. Poison ivy climbs by means of rootlets whereas the 
Virginia creeper has tendrils which are usually terminated by enlarged 
adhesive discs. 


i Illustrations published with the aid of the Lucien M. Underwood Memorial Fund. 
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The injury resulting from bittersweet is caused by the vines twining 
tightly around stems and branches of young trees and inhibiting, if not com¬ 
pletely stopping, downward translocation of organic solutes. These organic 
substances, which are elaborated in the leaves, move downward through the 
tree stem in what is sometimes referred to as the “descending stream of 
assimilates. ’’ The pathway of this descending stream is very largely through 
the phloem, or more specifically, through the sieve tubes in the phloem. When 
normal movement of organic materials is prevented by constriction of 



Fig. 2. Stems of Liriodcndron tulipifera L. (left) and Finns sirobns L. (right) in¬ 
jured by bittersweet (1/10 natural size). The longitudinal sections show the character of 
the internal injury. 

the phloem those substances accumulate in the region immediately above 
the point where stoppage occurred. The situation is quite analogous to that 
which exists when a tree stem or branch is subjected to ringing, that is, when 
the tissues external to the xvlem are completely removed. 

In twining around a tree stem the bittersweet vine takes a spiral course, 
the angle formed with the horizontal usually being between 50 and 70 
degrees. With this relatiyely low pitch of the spiral, friction between the tree 
stem and vine stem is sufficiently great to prevent the latter from being 
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loosened to accommodate radial growth of the tree. Consequently, .normal 
radial growth of the tree stem continues for only a brief period, usually one 
or two years, after the vine has become attached. Bittersweet is a dextrorse 
climber. 

As a result of the damming of the descending stream, increment immedi¬ 
ately above a constricting vine is greatly increased whereas immediately 
below increment is greatly lessened, or may cease. This is illustrated in 
figures 1 (A, B, C) and 2. 2 Trees usually are not killed by bittersweet vines 
because new conductive tissues are formed in which the axes of the elements 
are parallel to the spiral constrictions. Figure 3 illustrates this change in 



Fig. 3. Serial tangential sections showing the orientation of elements in a sassafras stem 
injured by bittersweet. In the section at the left, from a plane near the center of the stem, the 
orientation is normal. These tissues were developed before the injury. The section in the center, 
from a plane midway between the pith and the outside, shows the elements oriented approxi¬ 
mately parallel to the spiral constriction. The section at the right shows an even more extreme 
change in orientation of elements in the outermost growth layers (x 50). 

orientation of elements in a sassafras stem. In, stems such as those shown in 
figure l'(A, B, C) the course taken by the downward moving organic solutes 
' is a spiral. 

* An injury similar to that caused by bittersweet is figured as the frontispiece in the 
April, 1942, issue of the Journal Forestidre Suisse. The illustration referred to shows the 
effect of a honeysuckle vine on a young ash stem. It is obvious that the longitudinal section 
• figured in the Swiss journal is upside down. 
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Not infrequently death of young trees has resulted from the presence of 
vines. With the flow of organic solutes to the roots stopped, the reserve food 
materials are gradually used up and the parts below the constriction die of 
starvation. In these cases the development of new conductive tissue was 
evidently so slow that the roots died before their organic food supply could 
be reestablished. As long as the roots remain alive upward conduction of 
water and inorganic solutes takes place even though the constricting vines 
may prevent the downward movement of organic assimilates. This is ex¬ 
plained by the fact that the pathway of the upward moving stream is 
through the xylem. 

Trees have been encountered which, though girdled, continued to live, in 
spite of the fact that downward movement of organic substances to the roots 
seemed impossible. It is likely that the roots of these injured trees were ob¬ 
taining their organic nutrients from adjacent normal trees to which they 
were root-grafted. Root-grafting is evidently very common in forest trees. 

In addition to the damage resulting from occlusion of bittersweet vines 
and bark in tree stems and the development of very abnormal wood struc¬ 
ture, avenues are opened for entry of decay and wood borers which may 
render the affected trees worthless. All species of trees are subject to injury 
but hardwoods are more commonly damaged than conifers. The relatively 
dense crowns of the latter result in unfavorable light conditions for the 
intolerant bittersweet. 

Grape vines cause a minor but interesting type of injury as a result of 
their tendrils coiling tightly around small tree stems and branches. Injuries 
of this character are illustrated in figure 1 (D to II). The tendrils cause a 
deformation of the tree parts analogous to that resulting from bittersweet 
and very frequently are occluded in the stems or branches. It is not uncom¬ 
mon to find a stem or branch so weakened by a tendril that it has broken off 
at the point of constriction. 

The most serious injury from grape vines, and from other climbers such 
as poison ivy and the Virginia creeper, is the deformation and shading of 
tree crowns which they cause. Substantial damage to seedlings and middle- 
aged trees is commonly seen. During cultural operations in the forest it is 
good practice to sever the stems of all vines which are climbing trees. Excep¬ 
tions may be made where the owner wishes to retain the vines as sources of 
food for wild life. 

School of Forestry, Yale University 
New Haven, Connecticut 
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THE GERMINATION CAPACITY OF MAIZE POLLEN HAVING 

ABERRANT NUCLEI 1 

Frances Clark Beard 

INTRODUCTION 

As a result of the action of the gene dv , divergent spindle, pollen grains 
of Zea mays may have unusual morphological organization. The frequency 
of their occurrence is high enough to test the germination capacity. Owing 
to the configuration of the meiotic division spindles in dv plants, multi- 
nucleate microspores and pollen grains are developed. At the time of the 
division to form the tube and generative nuclei, multinucleate spores appear 
normal when the complete chromosome complement is present even though 
the chromosomes are incorporated in several nuclei and are separated by 
nuclear membranes. It has been thought that the germination of a pollen 
grain is regulated by the action of the tube nucleus (vegetative nucleus), 
and it was with reference to this concept that the germination of the 
multinucleate pollen grains was tested. 

Evidence will be presented that pollen grains of dv plants may have 
the chromosome complement of the vegetative cell distributed among several 
nuclei. The germination capacity of such pollen grains was of particular 
interest. In a preliminary account (Clark 1942) It was reported that pollen 
grains having both more and less than the normal number of nuclei were 
able tv germinate during the period of time allowed for germination. 

The recessive mutant dv found in maize (Clark 1940) is limited in action 
to the time of the divisions of the microsporoeytes. Except for characteristic 
pollen abortion, the jplants are indistinguishable from normal ( Dv ), and 
megasporocyte development is normal. When the recessive gene is present 
in the homozygous condition, the spindle of the first meiotic division diverges 
at the polar regions rather than having the characteristic convergence of 
the spindle fibers. The chromosomes follow the form of the spindle during 
anaphase and thus diverge from each other. At telophase several nuclei are 
formed, and one or more chromosomes are • incorporated in each nucleus. 
Each cell at the end of the first meiotic division has the normal chromosome 
complement characteristic of such cells although the chromosomes are dis¬ 
tributed among several nuclei. As a result of the multinucleate condition 
at the end of the first meiotic division, a multi-spindle condition is developed 

* The writer wishes to express her appreciation for the use of the facilities of the 
Genetics Department, Connecticut Agricultural Experiment Station, New Haven, Con¬ 
necticut. 
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in the second meiotie division with each nucleus forming its own spindle. 
The several spindles may lie parallel or at various angles to each other, and 
may be divergent. Thus a multinudeate condition again results at the end 
of the second meiotie division, and each microspore may have from few to 
many nuclei. 

A return to the normal nuclear condition usually takes place after the 
first microspore division, and most of the microspores then contain a tube 
nucleus in the vegetative cell and a generative nucleus in the generative cell. 
The division of the generative nucleus to form the two sperm cells occurs 
in maize before anthesis and results in normal mature pollen with three 
nudei: a tube nucleus of the vegetative cell and two sperm nudei (fig. 1). 

In about 94 per cent of the microspores of dv plants there is a return 
to the normal nuclear condition after the first division. These microspores 
may or may not develop into functional pollen grains depending upon 
whether or not a complete chromosome complement is present. The pollen 
abortion (determined by counting the number of small grains and grains 
having no starch relative to large, normally filled pollen) is variable among 
different samples taken from the same or different dv plants, but may be 
as high as 90 per cent. 

OCCURRENCE OF MULTINUCLEATE POLLEN GRAINS 

In six per cent of the male gametophytes there continues to be a multi- 
nudeate condition after the first microspore division, and it is from these 
spores that multinudeate pollen grains were to be expected. The spindle 
of the first microspore division in spores that will have multinudeate vege¬ 
tative and generative cells gives evidence for the chromosome distribution 
among the several nuclei. 

When the microspores were examined at this stage, some of the spores 
were found to have the spindle of the first microspore division diverging 
at one or both poles. During anaphase the chromosomes follow the form of 
the spindle, and thus at telophase several nuclei were present at either or 
both poles, the inner pole forming the nuclei or nucleus of the vegetative 
cell. Since the nudei of the vegetative cell do not divide again when the 
generative nucleus divides, and since the chromosomes diverge from each 
other, it is assumed that the multinudeate vegetative cells observed in the 
pollen grains have resulted from the divergent spindle figures in the first 
microsppve division. 

The multinudeate spores may contain (1) more than one nucleus in 
the generative cell, (2) more than one nucleus in the vegetative cell, or 
(3) several nuclei in both the generative and vegetative cells. The Counts 
that were made (Clark 1940) indicated that the second condition was the 
most frequent. The division of the generative nucleus was not observed. 
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Pigs. 1, 2, 3. Photographs of pollen stained with acetoearmine. About 350 x. Fig.'I. 
Pollen grain with the normal organization. Two small sperm cells (long, narrow) and one 
vegetative cell containing the larger nucleus (tube nucleus) having a prominent nucleolus 
were present. Fig. 2, Pollen grain with two nuclei, each with a definite nucleolus. There 
was no division to form the two sperm cells from the generative cell. Fig. 3. Pollen grain 
with only one nucleus, indicating a failure of the microspore divisions. 

However, pollen grains having the nuclear constitution shown in figure 4 
indicate that this division will occur in male gametophytes whose chromo¬ 
some complement in the vegetative cell is included in more than one nucleus. 

The nuclei in the pollen grain may be observed after staining and clear¬ 
ing either fresh or fixed pollen. Table 1 gives counts of the number of nuclei 
in individual pollen grains obtained from two dv plants. The pollen grains 
with three nuclei, two sperm nuclei and one tube nucleus, represent the 
normal condition. The presence of only one or two nuclei of the type shown 
in figures 2 and 3 suggests that the microspore divisions failed to take place. 
'When a single nucleus is present as in figure 3, there may have been no first 
division in the microspore to form the vegetative and generative nuclei. 
When two nuclei were found as in figure 2, no division of the generative 
nucleus had taken place to form the two sperm cells. The evidence for this 
lies in a consideration of the size of the nuclei and the character of the 
nucleoli present. 

Since pollen grains in the category with two nuclei (table 1) all had 
a good nucleolus in each nucleus, it was evident that one was the vegetative 
nucleus and one the generative nucleus. Had they been pollen grains with 


TABLE 1. Number of pollen grams with the indicated nuclei in mature pollen of 
dv/dv plants . 


Plant 

■ 

Distribution of nuclei 


Total* 

2 tube 

2 sperm 

1 tube 

2 sperm 

Only 2 
nuclei 

Only 1 
nucleus 

148-8 

0 

73 

29 

10 

112 

166-13 

1 

332 

7 

18 

358 

Total 

1 

„ 405 

36 

28 

470 


> Not including small pollen grains and those devoid of starch. 
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two nuclei in the vegetative cell, and with the chromosomes distributed 
among the two nuclei, the nucleoli would not have been organized. Mc- 
Clintock (1934) has shown that the presence of chromosome 6, the satellite 
chromosome in maize, is essential for the organization of a nucleolus. A 
nucleus deficient for chromosome 6 does not have the nucleolar material 
organized into a single nucleolus, and likewise a nucleus with certain defi¬ 
ciencies does not have an organized nucleolus. It is evident from the vege¬ 
tative nuclei shown in figure 4 that neither of the two nuclei has a nucleolus 
such as is shown by the nucleus of the vegetative cell in figure 1. 

Therefore, the conclusion may be drawn that the nuclei in the pollen 
grain shown in figure 2 each have the haploid chromosome complement, 
having a nucleolus in each nucleus, and that the haploid complement is 
divided between the two nuclei in the vegetative cell of the pollen grain 
shown in figure 4. The size of a nucleus gives some indication of the number 
of chromosomes it contains. The nuclei of the vegetative cell in figure 4 



Fig. 4. Camera lucida drawing of a pollen grain having two tube nuclei (the larger 
nuclei) and two sperm nuclei. The non-stippled circles indicate the position of the germ 
pore. About 400 x. 

were relatively smaller than the nucleus of the vegetative cell of the pollen 
grain shown in figure 1. This also shows that the chromosome complement 
in the binucleate vegetative cells was divided among the two nuclei. 

The determination of the germination capacity of pollen grains with 
more and less than the normal three nuclei was undertaken. These types 
in table 1 were 13.8 per cent of the total counted. 

GERMINATION OF MULTINUCLEATE POLLEN GRAINS 

Corn pollen requires more rigidly controlled conditions for germination 
on artificial media than pollen from liliaceous plants. Recently, Bair and 
Loomis ,(1941) have reported an agar medium on which com pollen will 
germinate. In the present tests, however, it was desired to allow the pollen 
to germinate under conditions closely approaching the normal. 

Small pieces of corn silks, cut before emerging beyond the husks or 
when protected by ear shoot bags, approximately one inch long were placed 
in small Petri dishes or in watch glasses. Pollen to be tested was dusted on 
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the silks and allowed to remain from 30 minutes to one hour. With a longer 
germination time, the germ tubes of many pollen grains had penetrated 
the silk as well as the silk hairs, and the nuclei had migrated into the tubes 
too far to be adequately observed. Many pollen grains adhere to the silk 
hairs, and the germ tubes then penetrate the hair before entering the main 
part of the silk, although the germ tube may penetrate the silk without first 
entering a silk hair. After the pollen tubes have penetrated the silk and 
started growing down it, along a vascular bundle, it is difficult to determine 
the position of one particular tube and distinguish its nuclei. During the 
time allowed for the germination test, the germ tubes usually had penetrated 
the silk hairs, and the nuclei were still in the pollen grain or were just 
beginning to enter the tube. 

After the time allowed for this germination test, the silks were fixed 
in an acetic acid—alcohol mixture (1:3) and stained with acetocarmine, 
clearing being done with chloral hydrate. During the fixing and staining, 

TABLE 2. Nuclei in germinated pollen grains of dv plants . 


Plant 


Number of 

nuclei 


Total 

>3 

3 

2 

1 

137—6 

0 

131 

3 

2 

136 

137—6 

1 

73 

3 

0 

77 

166-8 

0 

134 

0 

3 

137 

210-5 

1 

157 

4 

0 

162 

Total 

2 

495 

10 

5 

512 


pollen grains that had germinated remained well attached to the silk, and 
some grains which did not have tubes penetrating the silk hairs were also 
present in the preparations. The non-germinated grains which still adhered 
to the silks after fixation included about 25 per cent of the total pollen grains 
present on the silk.* 

The pollen grains that had germinated were classified according to the 
number of nuclei present, and the results are given in table 2. The germina¬ 
tion of pollen grains with less than three nuclei and more than three nuclei 
is illustrated in figure 5. 

The number of pollen grains representing types with other than the 
normal three nuclei in table 1 consisted of 13.8 per cent of the total counted. 
In table 2, the number of such pollen grains that had germinated amounted 
to 3.3 per cent. It is likely that the time allowed for the experiment was too 
short to test adequately the germination capacity of all the aberrant types 
even though they appeared normal with respect to walls, starch content, 
and size. 

The two pollen grains containing more than three nuclei listed in table 2 
possessed two tube nuclei and three sperm nuclei, and two tube nuclei and 
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Fig, 5. Semidiagrammatic camera lucida drawings of germinated pollen. About 400 x. 
A. Pollen grain with one nucleus. B. Pollen grain with two nuclei. 0. Pollen grain with 
four nuclei—two tube nuclei in the vegetative cell and two sperm cells (upper). 


two sperin nuclei, respectively. Among the pollen grains which had not 
germinated, other multinucleate types were found as shown in table 3. In all 
of these the morphological development of the grain was normal except for 
the nuclear constitution. 

TABLE 3. Nuclei in aberrant non-germinated pollen grains. Normal pollen grains 
have one tube and two sperm nuclei. 


Tube nuclei 

Sperm nuclei 

Frequency of 
occurrence 

1 

0 

3 . 

1 

3? 

1 

2 

0 

7* 

2 

2 

2 

2 

2 or 3 

1 

3 

2 

2 


* For convenience these are listed in this table, although this type is the same as the 
two-nuclei category of tables 1 and 2 and figures 2 and 5B. 


DISCUSSION 

The separation of the chromosome complement of the vegetative cell into 
more than one nucleus does not affect the functioning of the complement 
as a whole during the germination of a pollen grain. The results also 
indicated that in the absence of a characteristic tube nucleus (when only 
one or two nuclei were present as in figures 2 and 3), germination took place 
during the period of observation. The problems of whether or not tubes 
from such pollen grains would continue to grow, given a longer time, and 
whether or not fertilization or an initiation of ovule development would 
take place remain unanswered. 



1943] 


BEARD: MAIZE POLLEN 


455 


Chamberlain (1897), Smith (1898), and Fullmer (1899) have reported 
observing microspores with several tube nuclei, and also male gametophytes 
with multinucleate generative cells. It was not determined whether the divi¬ 
sion of the generative nucleus took place in these aberrant male gameto¬ 
phytes. Microspores deficient for part of the chromosome complement and 
defective in wall formation were studied by Barber (1941, 1942) and Sax 
(1942). They conclude that when a deficient microspore remains partially 
attached to a normal microspore, or when the two contain deficiencies that 
are complementary, normal development takes place. They assume that the 
gene products which control the development of the microspore are unable 
to diffuse through the cell wall to direct the normal development of the 
unattached deficient microspores. 

A tube nucleus with the normal chromosome complement may control 
the germination of a pollen grain even though the sperm nuclei may be 
deficient in chromosome number. McClintock (1938) and Rhoades (1940) 
have explained the transmission of deficient male gametes in this way. 

If there were an unequal distribution of chromosomes in the first micro¬ 
spore division of dv plants, there could result a vegetative cell with at least 
the normal chromosome complement, in one or more nuclei, and a deficient 
generative cell. To test whether any deficient male gametes were transmitted, 
pollen from dv/dv plants was placed on silks of normal plants and the 
chromosome numbers of 82 plants in the progeny were determined. Seventy- 
nine plants were found with the normal chromosome complement (20), and 
three were heteroploid plants. One of the three was a triploid, the second a 
monosomic (19 chromosomes), and the third had a complete deficiency for 
the long arm of chromosome 10, leaving the short arm a telocentric fragment 
similar to the chromosome 5 found by Rhoades (1940). Although suggestive 
of transmission of deficient male gametes, the counts are too few to justify 
a positive statement. * 

Pollen from plants homozygous for dv may give rise to a low frequency 
of aneuploid progeny. Haploids could be expected if pollen tubes from 
grains containing only one or two nuclei should grow long enough to pene¬ 
trate the ovule and initiate ovule development. 

CONCLUSIONS 

1. Evidence is presented from dv plants of maize that male gameto¬ 
phytes are able to develop a normal morphological organization when the 
chromosome complement of the vegetative and generative cells is contained 
in more than one nucleus. 

2. A pollen grain with a multinucleate vegetative cell is capable of 
forming a normal germination tube which penetrated the silk and continued 
to grow during the time allowed for a germination test, one hour. 
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3. Pollen grains lacking the usual morphological organization Qf the 
male gametophytes, that is,-those possessing only one or two nuclei, were 
found to be capable of forming gem tubes during the time allowed for 
gemination. 

Brooksvale Road 

Mt. Carmel, Connecticut ' * 

,r- 
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A CYTOLOGICAL STUDY OF C-MITOSIS IN THE POLY- 
SOMATIC PLANT SPINACIA OLERACEA, WITH COM¬ 
PARATIVE OBSERVATIONS ON ALLIUM CEPA 1 

C. A. Berger and E. R. Witkus 

This investigation arose in the course of a comparative study 2 of pro¬ 
phase chromosome behavior at meiosis and polysomatic mitosis in Spinadia 
oleraceU. Colchicine treatment was tried in the hope of obtaining a third 
type of prophase chromosome behavior in this material. Detailed cytological 
descriptions of the effects of this drug on cell division are few and incom¬ 
plete. Most of the studies have dealt with Allium or Tradescantia and the 
treatment has apparently never been tried on a polysomatic plant. 

The effects of colchicine on Spinacia were so striking and so different 
from the effects on Allium as described in the literature that it was thought 
necessary to make a series of experiments with Allium as controls. These 
experiments confirmed the opinion that there is a real difference in the cyto¬ 
logical effects of colchicine treatment in Spinacia and in Allium. This inter¬ 
esting difference in the reaction of the two plants to the drug, together with 
the lack of a comprehensive cytological description of its effects on mitosis, 
prompted the present report. 

Following the terminology of Levan (1938), mitosis under the influence 
of colchicine will be termed c-mitosis, and the various stages in the process 
will be similarly designated. In describing colchicine experiments it is neces¬ 
sary to distinguish three types of effects as follows. Direct effects occur while 
the cells are under the influence of the drug, while recovery effects persist 
after the direct influence of colchicine has completely disappeared and 
transitional effects, appear in early recovery before the influence of the drug 
is completely removed. 

The effects most commonly referred to the direct action of colchicine are 
the prevention of effective spindle formation and the delay in the division of 
the spindle attachment regions or SA-regions as they will be termed in this 
paper. These two effects will be classified as primary direct effects . In addi¬ 
tion there are a number of secondary direct effects, direct because they occur 
during the actual treatment with the drug, secondary because their imme¬ 
diate cause is not the presence of colchicine but either the absence of an effec¬ 
tive spindle, the delay in the division of the SA-region, or both of these 
primary direct effects. 

1 Publication of plates 1 and 2 is assisted by the Lucien M. Underwood Memorial 
Fund. 

2 Aided by a grant from the Penrose Fund of the American Philosophical Society. 
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The following are here classified as secondary direct effects. (1) Diplo- 
chromosomes, the c-pairs of Levan,two chromosomes united at a common 
undivided SA-region. (2) The long duration of c-metaphase, due to failure 
of formation-alan organized spindle. (3) The extreme shortness or con- 
densatkm frequently found in chromosomes at c-metaphase, owing to the 
additional time allowed for the action of coiling forces. (4) The formation 
of restitution or reversion nuclei, due to the absence of an effective spindle. 
(5) The variety of shapes assumed by restitution nuclei, dependent on the 
amount and disposition of the disorganized spindle substance. (6) Increase 
in cell size, due to failure of division. (7) Polyploidy, likewise due to failure 
of division. (8) Secondary pairing of chromosomes owing to the absence of 
anaphase separation of chromosomes. 

MATERIAL AND METHODS 

Root tips of Spinacia oleracea (Old Dominion variety) and of Allium 
cepa were used. Germinating seeds of Spinacia were treated with 0.06 per 
cent and 0:25 per cent solutions of colchicine for one, five, and twelve hours. 
They were then washed in water for a half hour and fixed immediately and 
at intervals of five, twenty-four, thirty-two, forty-eight, fifty-three, sixty- 
three, sixty-six, sixty-nine, and seventy-two hours after treatment. Root tips 
of Allium were treated with a 0.25 per cent colchicine solution for five and 
twelve hour periods. They were then washed in water and fixed immediately 
and at five and twenty-four hour intervals after treatment. 

Most of the Spinacia material was prepared' by the smear technique. 
The tips were fixed in three parts of absolute alcohol and one part of glacial 
acetic acid, and the Feulgen stain was used. Eight minutes of hydrolysis 
was found to be correct after the above fixation. A series of root tips were 
fixed in Craf fixative, and longitudinal and cross sections were 4 cut and 
stained by the Feulgen technique. After fixation in the Craf solution forty- 
five minutes of hydrolysis was required for the Feulgen reaction. The Allium 
material was all prepared in the form of smears, some were stained with 
aceto-carmine and others by the Feulgen technique. 

OBSERVATIONS ON ALLIUM 

Our observations on the effect of colchicine on mitosis in Allium are in 
general agreement with those of Levan (1938) and Shimamura (1939) on 
the same material, and with those of Walker (1938) on Tradescmtia and of 
Beams and King (1938) on Triticum. It has been possible however, to add to 
the details of the process of c-mitosis especially in regard to the formation 
of the restitution or reversion nucleus following the stoppage of mitosis at 
c-metaphase. These observations on Allium are not a complete series of ex¬ 
periments involving an ordered series of time treatments with increasing 
concentrations of colchicine. They are a selected set of experiments designed 
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to verify the results of other investigators with respect to those points 
wherein Spmacia apparently differs from Allium in the cytological response 
to the drug. 

Description of c-Mitosis in Allium. Prophase of mitosis appears to 
proceed normally in the presence of colchicine. At very late prophase or 
prometaphase (pi. 1, fig. 1) the chromosomes reach their normal metaphase 
degree of contraction. They have a clearly defined SA-region and their divi¬ 
sion into chromatids is very evident. The chroipatids are relationally coiled. 
There is no nuclear membrane present at this stage and the chromosomes are 
scattered in the center of the cell. In normal mitosis the chromosomes at this 
stage would congress upon the metaphase plate, their SA-regions would 
divide and anaphase separation would take place. In the presence of colchi¬ 
cine a well defined spindle is not formed and the metaphase stage, normally 
of short duration, becomes greatly lengthened extending over a period of 
four or five days, according to some investigators. Evidence of this pro¬ 
longation of metaphase is had in the increasing number of metaphase stages 
found in the older preparations of a series. 

During this protracted metaphase the chromosomes undergo marked 
changes. The relational coiling of chromatids is undone. The division of the 
SA-region is greatly delayed and the chromatids separate at all other points 
giving characteristic X-shaped configurations similar to those seen at meiotic 
interphase. In normal mitosis these chromosomes would be undergoing ana¬ 
phase separation. Such pairs of chromosomes held together by an undivided 
SA-region are called diplo-chromosomes in this paper. The diplo-chromo- 
somes in Allium are usually arranged around the surface of an achromatic 
sphere (pi. 1, figs. 2, 4) composed, according to Shimamura (1939), of a sub¬ 
stance which normally would take part in the formation of the spindle. Dur¬ 
ing c-metaphase the chromosomes continue to contract and become much 
shorter and more tightly coiled than at normal metaphase. As the diplo- 
chromosomes undergo this shortening the divergence between their arms in¬ 
creases (pi. 1, fig. 3). This is probably due to the tightening of the coil rather 
than to any repulsion between chromosomes. 

The division of the SA-region is long delayed but eventually takes place. 
The two members of a diplo-chromosome now straighten out and frequently 
lie in parallel arrangement (pi. 1, figs. 5, 6). They may be long or short de¬ 
pending on the time of division; they may be scattered (pi. 1, fig. 5) or may 
be arranged about an achromatic sphere (pi. 1, fig. 6). The division of the 
SA-region does not always take place at exactly the same stage of c-mitosis. 
Rarely chromosomes that are beginning to take on anaphase chromosome 
characteristics are still in the form of diplo-chromosomes (pi. 1, fig. 7). 

Although some spindle substance is probably present in Allium during 
c-mitosis it never becomes organized into an effective spindle. There is no 



460 


BULLETIN OF THE TORKEY CLUB 


[Vol. 70 


anaphase movement of chromosomes. They remain in the center of the eell 
in the tetraploid number and begin the reversion process which results in 
a 4n restitution nucleus. This process is illustrated in plate 1, figures 7-15. 
The tightly coiled chromosomes, single or diplo, begin to despiralize and to 
take on the characteristics of anaphase chromosomes (fig. 7). This condi¬ 
tion is followed by further despiralization and the accompanying physical 
changes normally seen in telophase chromosomes (figs. 8 to 12). A nucular 
membrane begins to form around the whole group or around smaller groups 
or isolated chromosomes. In most cases the presence of the achromatic sphere 
prevents the chromosomes from gathering together in one compact group 
and results in the strange lobulated forms assumed by early restitution 
nuclei (figs. 10, 11, 13, 14, 15). The sphere of spindle substance is slow in 
disappearing and the regions occupied by individual chromosomes are well 
marked until the restitution nucleus reaches the resting stage (figs. 11, 12). 

Apparently not all c-mitoses in Allium have an achromatic sphere stage. 
Scattered diplo-chromosomes and scattered singles are found in cells which 
give no indication of an achromatic sphere (pi. 1, figs. 3, 5, 16). This differ¬ 
ence in the type of c-mitosis may be connected with the mitotic stage of the 
cell when first subjected to the influence of colchicine. 

OBSERVATIONS ON SPINACIA 

Definition of Terms Covering Special Effects. C-mitosis in Spinacia 
presents some new and some slightly different stages from those described 
for Allium and other material. The first of these'differences is the scattered 
diplo-chromosome stage. The diplo-chromosomes of Spinacia are similar in 
structure to those of Allium but differ in arrangement. When first found 
they are scattered irregularly in the central region of the cell constituting 
what is here termed the scattered diplo-chromosome stage. 

Another stage occurring frequently is the clumped metaphase stage. 
Here the chromosomes are aggregated to form a dense knot. In a few in¬ 
stances clumps were found consisting of pro-metaphase chromosomes. Most 
frequently they consist of the diploid number of diplo-chromosomes and less 
frequently of the tetraploid number of single chromosomes. Cases are found 
in which one or a few single or diplo-chromosomes lie outside the clump. 

Explanation of plate 1 

C-mitosis in Allivm eepa. Magnification of all photomicrographs X 750. Fig. 1. Pro¬ 
metaphase. 4*Fig. 2. Diplo-chromosomes around achromatic sphere. Fig. 3. Scattered 
diplo-chromosomes. Fig. 4. Diplo-chromosomes around achromatic sphere. Fig. 5. Scat- 
‘ tered single chromosomes. Fig. 6, Single chromosomes around achromatic sphere. Fig. 7. 
Achromatic sphere with diplo-chromosomes in anaphase condition. Figs. 8-11* Early 
reversion phase, chromosomes in anaphase and telophase condition around remnant of 
achromatic sphere. Fig. 12. Reversion nucleus with chromosomes in telophase condition 
and no evidence of achromatic sphere. Figs. 13, 14. Early restitution nucleus lobulated 
id shape. Fig. 15. Restitution nucleus. Fig. 16. C-metaphase and restitution nucleus 
without achromatic spheres. 
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, Other clumps of a looser nature are also found. They are apparently of 
a higher degree of polyploidy than clumped metaphases. The chromosomes, 
single or diplo, are not excessively condensed and radiate out from the center 
like spines. This is called the echinus stage (pi. 2, figs, 38, 39). 

Another stage of frequent occurrence in Spinacia but lacking in Allium 
and apparently in other material thus far investigated is the prochromosome 
stage. The term prochromosome is here used not in its current cytological 
meaning but in a sense similar to that of Wilson (1925) in his description 
of insect spermatogenesis. It refers to the entire chromosome in a highly 
condensed state, being shorter and broader than at c-metaphase. A series of 
prochromosome stages from sectioned material is shown in plate 2, figures 
19-23. Similar stages from smeared material are illustrated in figures 30, 
31, 32, 33. 

The term reversion phase or restitution nucleus formation, is applied to 
the stage during which the prochromosomes revert to the resting stage con¬ 
dition. 

Experimental Results. A 0.25 per cent solution of colchicine was found 
to be the most suitable concentration for Spinacia and was used in most of 
the experiments. A 0.06 per cent solution brought about similar effects but 
they were neither as numerous nor as striking. The results recorded here 
were all obtained after treatment with the 0.25 per cent solution. Root tips 
of germinating seeds were exposed to this concentration for one, five, and 
twelve hour periods. The twelve-hour treatment was found to be too long 
.an exposure, causing the death of the root tip. 

Results of One-Hour Treatment with 0.25 per cent Colchicine. Mate¬ 
rial treated for one hour and fixed after one-half hour washing showed very 
few clumped metaphases, a few scattered diplo-chromosome stages and no 
prochromosomes. Some normal metaphases, anaphases, and telophases were 
present in cells that were either at metaphase with a fully formed spindle 
or at some later mitotic stage when first subjected to colchicine. In material 
treated for one hour and fixed five hours later the number of clumped meta¬ 
phases had increased, there were few scattered diplo-chromosome stages, no 
prochromosomes and no normal divisions. In tips fixed twenty-four hours 
after treatment a bulbous swelling directly behind the meristematic region 
was evident. The number of clumped metaphases had greatly increased and 
there were many scattered diplo-chromosome stages. Prochromosome stages 
appeared for the first time, indicating the beginning of the reversion phase, 
and a few normal metaphases and telophases were present, showing that 
recovery from the influence of colchicine was beginning. Forty-eight hours 
after treatment the bulbous swelling was less prominent, the clumps, pro¬ 
chromosomes, and scattered diplo-chromosomes had disappeared, and normal 
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divisions were present. Evidently recovery from one hour treatment begins 
after twenty-four hours and is complete after forty-eight hours. 

Results of Five-Hour Treatment with 0.25 per cent Colchicine. Boot 
tips treated for five hours and fixed after one-half hour washing showed 
some clumped metaphases, a few scattered diplo-chromosomes, no prochro¬ 
mosomes and a few prophases. Five hours later there were many clumped 
metaphases, no prochromosomes, some scattered diplo-chromosomes and no 
normal divisions. Tips fixed twenty-four hours after exposure again dis¬ 
played a bulbous swelling just behind the meristematic region. There were 
many clumped metaphases present, some scattered diplo-chromosomes, a few 
prochromosome stages but no normal divisions. Forty-eight hours after 
treatment the swelling was still present and there were many clumped meta¬ 
phases, some scattered diplo-chromosome stages and many prochromosome 
stages. There were no normal divisions. Tips fixed fifty-three hours after 
treatment were very similar to those fixed after forty-eight hours. At sixty- 
three hours the swelling was smaller and some clumped metaphases were 
still present. There were a few scattered diplo-chromosomes, some prochro¬ 
mosomes, and a few normal metaphases and anaphases. At sixty-six hours 
after treatment the swelling had disappeared and there were no clumped 
metaphases, no scattered diplo-chromosomes, and no prochromosomes. Nor¬ 
mal divisions were present. Tips fixed sixty-nine and seventy-two hours after 
treatment showed similar results. 

The experimental results are graphically represented in the accompany¬ 
ing graphs (figs. 17, 18). A comparison of the two graphs shows that one- 
hour and five-hour treatments brought about similar kinds of cytological 
effects. After one-hour treatment recovery was complete after forty-eight 
hours; after five-hour treatment many more cells showed colchicine effects 
and recovery was not complete until sixty-six hours had elapsed. 

The graphs show that clumped metaphases were always more’ numerous 
than the scattered diplo-chromosome stages and hence are probably of longer 
duration. The scattered diplo-chromosome stage has the same type of curve 
as the clumped metaphases, they appear and disappear together. The pro¬ 
chromosome stage appeared later than the clumps and the scattered diplo- 
chromosomes, reached a maximum frequency late in the effective period and 
disappeared at complete recovery. 

It was at first thought that some of the different stages and effects en¬ 
countered might be located in different regions of the tip. After examining 
sectioned material, however, it was found that all these stages occurred in all 
regions of the meristem, plerome, periblem, and dermatogen. 

Description of c-Mitosis in Spinacia. In Spinacia as in other material 
under the influence of colchicine the prophases proceed normally. The chro¬ 
mosomes contract attaining their metaphase length at late prometaphase 
(pi. 2, fig. 24). There is no evidence of any spindle formation and the .chro- 
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Fig, 17. Frequency of definite effects in Spinacia at various time intervals after five- 
hour treatment with 0.25 per cent colchicine. Fig. 18. Frequency of definite effects in 
Spinacia at various time intervals after one-hour treatment with 0.25 per cent colchicine. 
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mosomes do not undergo concession on an equatorial plate but remain scat¬ 
tered in the center of the cell in their prometaphase positions. This condi¬ 
tion may be considered as the beginning of e-metaphase. This stage in the 
absence of a spindle is greatly prolonged and, as in Allium, the chromosomes 
undergo marked changes. 

The division of the SA-region is delayed greatly. The long duration of 
e-metaphase, estimated to range from thirteen to fifty-eight hours, permits 
a much longer action of the spiralling forces and the diplo-chromosoines 
become very tightly coiled and greatly shortened (pi. 2, figs. 25, 26). Homol¬ 
ogous arms of the diplochromosomes diverge at their free ends. The diver¬ 
gence is not so pronounced as that found in Allium and may be due to the 
action of repulsion forces or, more probably, to the extreme tightness of 
the coil. 

The scattered diplo-chromosomes eventually come together forming a 
dense clump (pi. 2, fig. 27). The division of the SA-region usually takes 
place while the clumping is in progress and partial clumps are found with 
either diplo-chromosomes (fig. 28) or singles (fig. 29) lying outside the 
clump. Rarely the division of the SA-region takes place before clumping 
begins, resulting in cells with scattered singles (fig. 26) in the tetraploid 
number. The clumped metaphase condition is evidently of long duration, 
since the number of such clumped metaphases increases with the time under 
the influence of colchicine. Diplo-chromosomes or singles lying at a distance 
from the center of the cell are occasionally not included in the clump or in 
the subsequent restitution nucleus (figs. 28, 29, 35). 

In the abseilce of a spindle neither nuclear division nor cytokinesis ensues 
and the clumped metaphase stage is followed by a reversion phase which 
results in a tetraploid restitution nucleus. We have termed the first part of 
this process the prochromosome stage. The clump loosens up, the single chro¬ 
mosomes separate from one another and are seen to be shorter and thicker 
with the SA-region no longer discernible (pi. 2, figs. 19-22). At times there 
are indications of chromatic connecting strands between the chromosomes 
(figs. 20, 21). A nuclear membrane is formed at this stage. The nucleus en- 

Explanation of plate 2 

0 mitosis in Spmacia olcrarea. Magnification of all photomicrographs x 750. Figs. 
19-23. Series of procliromoHome stages from sectioned material. Figures 24 to 40 are 
from smear preparations. Fig. 24. Promctaplmse. Fid. 25. Scattered diplo-chromosomes. 
Fig. 20. Scattered singles. Fig. 27. Clumped metaphase. Fig. 28. (-lumped metapliase 
with two scattered diplo-chromosomes. Fig. 29. Clumped metaphase with a few scattered 
singles. Figs. 30-33. Successive prochromosonic stages. Fig. 34. Reversion phase follow¬ 
ing prochromosome stage. Fig. 35. Restitution nucleus with one diplo-cliromosome in the 
cytoplasm. Fig. 36. Secondary pairing in prophase of an octoploid cell. Fig. 37. Secon¬ 
dary pairing at early c-metaphase of an octoploid cell. Fig. 38. Echinus stage, with diplo- 
chromosomes. Fig. 39. Echinus stage with single chromosomes. Fig. 40. Prochromosome 
stage in an octoploid cell. 
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larges and the chromosomes become evenly spaced about the periphery (figs. 
22, 23), the general appearance being similar to that of the preleptotene 
prochromosome stage described in insect spermatogenesis (Wilson 1925). 

As the prochromosomes become more widely spaced they begin to de- 
spiralize and the SA-region again becomes evident. This despiralization is 
apparently twofold, consisting of a slight separation of the gyres in the 
central region of the chromosome and a much more marked relaxation of the 
coil at the ends accompanied by a loss of chromaticity (pi. 2, figs 30-33). 
This terminal relaxation of the coil (fig. 33) progressively involves a greater 
part of the chromosome while the prochromosoma 1 or more condensed region 
becomes smaller and eventually disappears. At the end of the prochromo¬ 
some stage the chromosomes are in the form of thin threads in a uniform 
relic spiral (fig. 34). The remainder of the reversion process consists of fur¬ 
ther despiralization, attenuation of the chromonemata, and loss of chro¬ 
maticity. In this way a tetraploid resting nucleus is formed. 

When a tetraploid cell enters prophase the twenty-four chromosomes are 
associated in twelve pairs. This primary pairing is probably an indirect 
effect of colchicine treatment being due to the lack of anaphase separation 
in the previous e-mitosis. 

Octoploid cells were found which showed the forty-eight chromosomes 
associated in twelve groups of four chromosomes each. This secondary pair¬ 
ing is seen at prophase (pi. 2, fig. 36) and at early c-metaphase (fig. 37) be¬ 
fore the scattered chromosomes undergo clumping. Such cells were normal 
polysomatic paired tetraploids which underwent one c-mitosis, becoming 
secondarily paired octopioids. Similar secondarily paired octoploids could 
presumably have arisen from diploid cells by two successive c-mitoses. In the 
present case this possibility is eliminated by the experimental data (figs. 17, 
18) which show's that only one complete e-mitotie cycle occurred in these 
experiments, although some prophases of a second c-mitosis were found. 

The clumped metaphases of polyploid cells are looser than the diploid 
clumps and the chromosomes, single or diplo, radiate out like spines (pi. 2, 
figs. 38, 39). This is the echinus stage. The prochromosome stage (fig. 40) 
and later reversion stages in polyploids are similar in structure to those of 
diploid cells. 

discussion 

The most significant difference between c-mitosis in Allium and in 
Spinacm is the presence of an achromatic sphere in the former and its total 
absence in the latter. Shimamura (1939) is probably correct in his view that 
the achromatic sphere is formed of spindle substance which is not organized 
into an effective spindle. Apparently the protoplasm of $pinacia is of such 
a nature that it is unable to form any spindle substance in the presence of 
colchicine, while the protoplasm of Allium does elaborate some of the mate- 
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rial necessary for spindle formation. In the absence of the achromatic sphere 
the chromosomes of Spinacia form dense clumps at a stage wherein the 
diplo-chromosomes of Allium are gathered around the sphere. 

The many strange forms assumed by restitution nuclei in Allium are 
due to the persistent presence of the sphere, which continues well into the 
reversion phase and hinders the association of the chromosomes in a common 
restitution nucleus. Multinucleate cells, forms with macro and micronuclei, 
and lobulated nuclei are all due to the persistence of the achromatic sphere. 
In Spinacia no such unusual forms are encountered, the restitution nucleus 
regularly being spherical or nearly so. 

Another striking difference between Spinacia and Allium is the presence 
of the prochromosome stage in Spinacia and its complete absence in Allium . 
We can offer no suggestion as to the cause or significance of this difference. 
That it is a colchicine effect is clear since there is nothing resembling this 
stage in untreated material. 

SUMMARY 

1. In Allium under the influence of colchicine some unorganized spindle 
substance is produced and takes the form of an achromatic sphere about 
which the diplo-chromosomes gather at c-metaphase. 

2. In Spinacia no achromatic sphere of spindle substance is formed and 
the diplo-chromosomes form dense clumps at c-metaphase. 

3. The many strange shapes of restitution nuclei in Allium are due to 
the presence of the achromatic sphere. 

4. Restitution nuclei in Spinacia are regularly spherical or nearly so. 

5. The chromosomes of Allium during the reversion phase pass through 
structural conditions similar to those of normal anaphase and telophase 
chromosomes. 

6. The chromosomes of Spinacia during the reversion phase do not 
resemble anaphase or telophase chromosomes but go through a stage similar 
to the prochromosome stage of insect spermatogenesis. 

Biological Laboratory, Fordham University 
New York 
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MORPHOLOGICAL VARIATION AND CYTOLOGY OF 
BROMUS INERMIS 1 

Irving William Knobloch 2 

Bromus inermis Leysa., smooth brome grass, was introduced into this 
country from Eurasia about 1882. The species is a long-lived perennial which 
spreads rapidly by rhizomes, and is a valuable grassland and forage crop for 
the prairie and plains states from Canada to Kansas. Brome grass survives 
under adverse soil conditions and is more drought-resistant than some more 
commonly used grass species. 

Variation has been noted in this species by several investigators. 
Zherebina (1931, 1933), Waldron (1921), Keyser (1913), and Frolik and 
Newell (1941) noted that Bromus inermis varies considerably in height, 
bushiness, seed production, yield of hay, length and width of blade, protein 
content, rhizome development, heat and drought tolerance, and disease re¬ 
sistance. The present study of variation emphasizes, for the most part, 
characters not studied by previous investigators. In compiling the known 
ranges of measurements for eleven characters in Bromus mermis , as shown 
in table 1, many authors were consulted, but no higher or lower limits for 
the characters were found than those provided by Ilegi (1906), Hitchcock 
(1914, 1935), Shear (1900), Waldron (1921), Stebler and Schroter (1889), 
Armstrong (1937), Beal (1896), and Nowosad, Swales, and Dore (1936). 

The cytology of.' smooth brome grass has also been investigated. Avdulov 
(1928, 1931) reported the diploid number to be 56. Stahlin (1929) recorded 
the diploid number as 42. Nielsen (1939) confirmed Avdulov5* count and 
added a 70-chromosome race. 

The present study emphasizes the range of morphological variation exist¬ 
ing in the species. The chromosome counts on numbered strains and selec¬ 
tions will facilitate breeding work and the ultimate production of desirable 
types for local conditions. 


MATERIALS AND METHODS 

The plants used in the present study were obtained from the forage 
crops breeding nursery of the Iowa Agricultural Experiment Station, Ames, 

1 Portion of a dissertation submitted to the Graduate Faculty of Iowa State College 
in partial fulfillment for the degree of Doctor of Philosophy. 

2 The writer wishes to express his appreciation to Dr. J. E. Sass for suggesting the 
problem, and for helpful encouragement and advice throughout the course of the investi¬ 
gation and during the preparation of the manuscript. Thanks are also due to Dr. G. J. 
Goodman and Dr. I. J. Johnson for advice and to Dr. 0. P. Wilsie for the use of the 
brome grass plants in the forage crops nursery of the Iowa Agricultural Experiment 
Station. 
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Iowa. These plants had been established from open-pollinated single plant 
selections from many sources. Measurements made on plants from sixteen 
different strains and selections were compared with the published range of 
measurements. In the cytological investigations, plants belonging to fifteen 
different strains and selections were used. Both root tips and pollen mother 
cells were examined. Variations of the Nawaschin (Craf) formula, FAA, 
and Carnoy’s fluid were used, and a crystal violet-iodine staining technique 
was followed. 

MORPHOLOGICAL VARIATION 

The characters selected for a study of variation are given in table I, 
which shows the previously known range, the ranges encountered locally, 


TABLE 1. Range in measurements of various characlcrs in Bromus tnermis by eight 
authors compared to measurements of plants grown at Ames, Iowa. 



Culm (mm.) 

Sheath 

Blade (mm.) 

Ligule (mm.) 

Panicle (mm.) 

Spikelet (mm.) 

First glume 
(mm.) 

Second glume 
(mm.) 

Lemma (mm.) 

Palea (mm.) 

& 

% 

u 

o 

E 

Various 

authors 

300- 

1400 

Gla¬ 

brous 

or 

pubes¬ 

cent 

3-19 

wide 

100- 

400 

long 

0.5-2 

100- 

203.2 

20-27 

4-5 

0-8 

7-14 

i 

Equal 

ing 

lemma 

2-10 

Local 

measure¬ 

ments 

480- 

1080 

Gla¬ 

brous 

or 

pubes¬ 

cent 

3.5-9 

wide 

130- 

300 

long 

1-2 

80- 

200 

10-30 

3-7 

4-9 

7-ia 

5-10 

3-10 

Total 

range 

300- 

1400 

Gla¬ 

brous 

or 

pubes¬ 

cent 

3.5-19 

wide 

100- 

400 

long 

0.5-2 

80- 

203.2 

10-30 

3-7 

4-9 

7-14 

5-14 

2-10 


and the total range now known to exist. Certain characters have been 
omitted from the table because no marked variation was noted. For example, 
the rhizomes are always creeping, the rachillas and secondary branches are 
always pubescent, the paleas are 2-nerved, the lemmas are 5-7-nerved, the 
first glumes are generally one-nerved, thp second glumes are always 3- 
nerved, the ligules are always lacerate, and the culms are generally glabrous 
except for nodal hairs. 

The following characters on local plants fall within the published 
ranges: culm length, presence or absence of hairs on the sheath, length of 
blade, length of ligule, length of lemma, and number of florets per spikelet. 
The following characters were found to be above or below the published 
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range: width of blade, height of panicle, length of spikelet, length of first 
glume, length of second glume, and length of palea. Table 1 shows, therefore, 
that Bromus inenms varies considerably in the eleven selected characters. 
Wide variation was also found to occur within particular strains or 
selections. 

MITOSIS 

Mitosis is observed most easily in the root-tips. In addition to the nuclear 
reticulum, each prophase nucleus contains 1-5 usually spherical nucleoli 
varying from 1.4 to 6.8 microns in diameter. Somatic chromosomes at meta¬ 
phase are predominantly J- or V-shaped (fig. 1), with sub-median or 
median spindle-fiber attachments. Chromosomes vary in length from 4.4 to 
6.8 microns and are approximately 0.6 microns in thickness. 



Fig. 1 . Mitotic liietaphasc in a root tip coll of a lioxaploid plant (2n-42). x 800. 
Ftg. 2. Motapliaso of first division in a pollen mother cell of a liexaploid. x 800. Fig. 3. 
Mot a phase of the first division in a pollen mother cell of an octoploid (2n~r>0). > 1,1)00. 

Mitosis appears to be rather regular in the root-tips of smooth brome 
grass. Precise metaphase alignment of the spindle-fiber attachments occurs. 
No evidence of lagging or other irregularity was noted. 

MEIOSIS 

The pollen mother cells are favorable for studies of some aspects of 
meiosis. Early prophase studies were not emphasized. Late prophase chromo¬ 
somes are all straight rods, and during diakinesis they range in length from 
2.6 to 5.2 microns. One nucleolus is present in prophase and persists up to 
late diakinesis. Usually all the pollen mother cells of a field exhibit the same 
stage of meiosis, but occasionally both metapliase and anaphase or even 
metaphase and telophase figures are found together. 

At metaphase the chromosomes range from 1.3 to 2.6 microns in length. 
Usually the metaphase plates exhibit only bivalents, but occasionally botli 
bivalents and univalents are found on the same plate. 

During anaphase, marked irregularity is evident. In some cells a few 
chromosomes reach the polar region well in advance of the majority. More 
frequently, a few chromosomes lag and reach the poles late. Some bivalents 
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evidently fail to disjoin as quickly as others do. An unusual ease was noted in 
which 28 bivalents, the normal number for that plant, separated into two 
groups of 14 bivalents each, which moved to opposite poles as bivalents. 

Many of the laggards arrive at the poles in time to be included in the 
telophase nuclei. Frequently, however, one or more chromosomes may be 
observed lying in the cytoplasm near the reorganized nuclei. These chromo¬ 
somes probably disintegrate, for they are not often seen in the diads. 
Occasionally, chromosomes become enmeshed in the partition wall of the 
diad. 

The second division follows the first division quickly. The spindle is 
oriented at right angles to the spindle of the first division and in the same 
plane, resulting in the four microspores lying in one plane. In general, the 
second division exhibits regularity, but precocious as well as lagging ana¬ 
phase separation may be observed. The four microspores frequently show 
chromatin material in the cytoplasm left from either the first or second 
divisions or both. 

An examination of 27 plants belonging to 15 strains and selections 
showed that five of the plants have a diploid number of 56 (fig. 3), and 22 
plants have a diploid number of 42 (fig. 2). 

In view of the fact that Bromus inermis varies greatly morphologically 
and that cross-pollination freely occurs, it is possible that natural crossing 
is responsible for some of the known chromosome irregularities. These ir¬ 
regularities may furnish a basis for the morphological variation in the spe¬ 
cies. It is also probable that the environment exerts an influence upon the 
expression of the characters. 

DISCUSSION 

The present study of variation in smooth brome grass reveals a greater 
variation in six characters than hitherto reported. In showing extensive 
variation in morphological characters, smooth brome grass is similar to other 
grass species. For example, Wilkins (1928) noted variation in Anthoxan - 
thum and Tritimm; H. Witte (1912) found plants of Phlevm pratcnsc, 
Dactylis glomerata, Festuca pratensis, and Avena elatior to vary greatly 
within the species; Webber (1912), Hayes and Barker (1922), and Clark 
(1910) studied variation in Phleum pratcnse particularly; Gregor and 
Sansome (1927) executed variation studies on Phleum , Lolium, and 
Dactylis; and Brown (1939, 1941) noted that plants of Poa pratensis vary 
considerably. 

Miintzing (1936) estimated that at least 100 species of plants are known 
to have intraspecific races differing in chromosome number. Such races also 
show morphological variation. Many grasses are included in Miintzing’s 
list such as Phleum pratense, P. alpina, Aegilops triaristata, A. crassa, 
Festuca ovina, F. pratense, Tripsacum dactyloides, and Dactylis glomerata. 
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Fults (1942) found six biotypes in Bouteloua gracilis . Rancken (1934) 
noted that Fcstuca pratcnsis , Poa pratensis, and Alopeciwus pratensis vary 
among themselves. 

In the present study, five of the twenty-seven plants are oetoploids and 
twenty-two plants are hexaploids. Avdulov’s and Nielsen’s chromosome 
counts of 56 and Stuhlin’s count of 42 are all confirmed. No race with 70 
chromosomes was found such as Nielsen reported. 

SUMMARY 

Measurements on eleven morphological characters in Bromus inermis 
revealed six characters which vary to a greater extent than previously re¬ 
ported. These six characters are: blade width, length of panicle, length of 
spikelet, length of first glume, length of second glume, and length of palea. 

Mitosis in the root tips is regular. The somatic chromosomes range in 
length from 4.4 to 6.8 microns and are approximately 0.6 microns in diam¬ 
eter. Metaphase meiotic chromosomes range from 1.3 to 2.6 microns in 
length. Precocious disjunction and lagging were observed in the first and 
second divisions. 

Twenty-seven plants belonging to fifteen strains and selections were ex¬ 
amined for chromosome number. Five of the plants have a diploid number 
of 56, and 22 plants have a diploid number of 42 chromosomes. 

Natural crossing between the highly variable strains and selections is 
believed to account for at least some of the chromosome irregularity ex¬ 
hibited by the species. Meiotic irregularities in the pollen mother cells possi¬ 
bly account for some of the morphological variation shown. The environment 
may affect the expression of characters. 

Department ok Botany, Iowa State College 
Ames, Iowa 
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PLANT SUCCESSION ON TALUS SLOPES IN NORTHERN 
IDAHO AS INFLUENCED BY SLOPE EXPOSURE 1 

R. F. Daubenmire and A. W. Slipp 

One of the most conspicuous features of the forested regions of northern 
Idaho is the small treeless areas which occupy portions of the southerly ex¬ 
posures of especially prominent peaks and ridges. These areas, sometimes 
referred to as parks or balds, begin at the summits of the prominences and 
extend down over the south-facing slopes sometimes as much as approxi¬ 
mately 200 m. Each park is essentially an island of prairie-like vegetation 
surrounded by belts of shrubs and scattered trees, and then by dense forest. 
Few if any of the mountains of northern Idaho are high enough to have a 
climatically determined upper timber]ine, so these parks are not to be con¬ 
fused with alpine vegetation. 

On an east-west ridge in Bonner County, Idaho, approximately midway 
between Priest and Pend Oreille lakes, the writers were attracted by a series 
of open talus areas on the north slope where the climax vegetation is forest, 
and to one which is located on exactly the opposite slope in a park (fig. 1). 
These talus areas seemed to offer an exceptionally good opportunity to com¬ 
pare the effects of conditions associated with slope exposure upon the course 
of vegetational development on bare areas otherwise identical. Talus slopes 
are abundant in the northern Rocky Mountains, but observations were con¬ 
fined to the opposite sides of this single ridge in order to eliminate variations 
in macroclimate between bare areas. The two rock slides studied are exactly 
opposite, about 300 meters down the slope on either side of the crest of the 
ridge. 

The talus on botli exposures consists of blocks of metamorphosed granite 
which for the most part vary between one-quarter of a meter and one meter 

i The writers are indebted to the Northern Rocky Mountain Forest and Range Ex¬ 
periment Station for the use of laboratory and other facilities of the Priest River Experi¬ 
mental Forest which were of material assistance in making this study. 

Fig. 1. General view looking east along Looking Glass Ridge. The rock slides studied 
are in the distance just below the highest knob on the horizon but not visible in this 
photograph. Just within the forest toward the top left corner of the picture is an area 
where the topography favors such a heavy accumulation of snow that the trees are ex¬ 
tremely dwarfed and misshapen. Fig. 2. General view of fir forest on the north side of 
Looking Glass Ridge. Note upper edge of park on opposite (south-facing) slope in dis¬ 
tance. Elongate strips of vegetation on talus in foreground consist chiefly of Menziesta 
fcrruginca and Abies lasiocarpa. Fig. 3. Edge of talus on south-facing slope showing 
mats of Eriogomnn subalpimiv^ invading the rock mass and preparing the way for grasses. 
The stake is marked off in decimeters. 
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in diameter. Among these angular boulders there is practically no finer 
detritus to serve as soil material. This lack of soil and the instability of the 
surface layers of rocks are the two major factors which have long retarded 
the colonization of these areas by plants. 

SUCCESSION ON THE NORTH SLOPE 

Succession is initiated on the north slope by mosses which become estab¬ 
lished in the niches formed by the accidental arrangement of boulders. 
Around the periphery of the open expanse of talus, where nearby trees can 
exert a sheltering influence, the mosses are very aggressive in that they seem 
not to demand a better substratum than is provided by the bare rock surface, 
and the colonies soon spread so as to completely cover the walls of the niches. 
Toward the central part of the open talus area mosses seem more dependent 
upon a previous accumulation of weathered rock fragments or bits of litter 
blown from the forest, and the colonies do not spread so vigorously as near 
the edge of the forest. The advent of vascular plants, and therefore the con¬ 
tinuation of the sere, seems in every case to be dependent upon these moss 
colonies which provide lodging for the disseminules and hold sufficient mois¬ 
ture to supply the seedlings until their roots have extended down through 
the cool moist cavities among the talus blocks to the more permanent mois¬ 
ture supplies which lie below 7 . 

The pioneer vascular plants which enter upon the mosses likewise reflect 
a slight differentiation between the central and peripheral portions of the 
talus habitat. Usually herbs such as Cheilanthes gracillima D. C. Eaton, 
Cryptogramma acrostich aides It. Br., Aquilegia flare see ns S. Wats., Angelica 
sp ., Penstemon frutieosus (Pursh) Greene, and Arnica sp. follow the mosses, 
but in peripheral regions the shrub Menziesia ferruginca Smith may enter 
the sere at this point. Over most of the talus a wider variety of shrubs includ¬ 
ing Kibes viscosissimum Pursh, R. lacustre (Pers.) Poir., Sorbns occidental's 
(S. Wats.) Greene, Sambucns melanocarpa A. Gray, Rubns , and Amclan- 
ehier follows the establishment of the herbs. Thus far there is hardly enough 
interrelationship between the individuals representing a given stage in suc¬ 
cession to refer to each stage as an association. However, the next clearly 
marked stage of development is a closed association dominated by Menziesia 
ferruginea Sm. and X erophyllum tenax (Pursh) Nutt. The slight difference 
in suecessional trend between peripheral and central parts of the talus slope 
practically disappears with the development of the Menziesia-Xerophyllum 
thicket. 

The climax dominant, Abies lasiocarpa (Hook.) Nutt., germinates in the 
shelter of the Menziesia-X erophyllum association, and the final adjustments 
leading toward stability come about as the trees increase in size and abun¬ 
dance so that a closed forest is formed. Menziesia and Xerophyllum, which 



476 


BULLETIN OF THE TORREY CLUB 


LVol. 70 


are the dominants of the preclimax association, persist as the most important 
plants in the dense undergrowth of the forest. Stability is finally attained 
by the replacement of relic herbs and shrubs of the open talus by minor 
constituents of the climax forest. 

In general, the initiation of succession upon this north slope is nearly 
independent of talus activity, but the continuance of succession at a given 
point of origin depends upon comparative stability which may be provided 
by either topographic or substratal features. Eolling fragments tend to con¬ 
verge into valley-like depressions down which boulders roll frequently, leav¬ 
ing alternating strips of relatively stable material. Also, less extensive but 
more permanently stabilized areas may be provided in the lee of exception¬ 
ally large boulders which are too deeply imbedded in the detritus to be 
affected by surface movement. Small rocks are diverted to each side of these 
larger boulders leaving quiescent areas on the slope immediately below. The 
island-like thickets which develop at such places always expand most rapidly 
in a direction at right angles to the contour lines, down the strips of quies¬ 
cent material which alternate with paths along which the movement of 
boulders is active. The forest stage makes its first appearance as a narrow 
strip extending down the axis of these elongate islands of shrubby vegetation 

(fi£. 2). 

The sere on the north slope, as described above, may be expressed in a 
simplified diagram which show T s the chief stages as follows: 

Abies-Menziesia Association 

t 

Menziesia-Xerophyllum Association 

z 1 \ 

crevice shrubs Menziesia 

t /* 

crevice herbs 

t \ 

(non-peripheral) (peripheral) 



moss mat 


TALIJB 


SUCCESSION ON THE SOUTH SLOPE 

The surface of the talus area on the south side of the ridge is not so steep 
as that on the north slope, so that instability is here not so important a 
factor in retarding plant invasion. However, the lack of a substratum with 
adequate water-holding powers appears to be so much more important on 
this slope that despite the greater stability of the surface, plant invasion of 
the talus here is at least as slow as on the north slope. 
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Moss patches, which on the north slope fostered the development of 
islands of vegetation at scattered loci over the tains surface, are almost 
entirely lacking on the dry south slope and invasion is accomplished by the 
marginal encroachment of vascular plants unpreceded by cryptogams. The 
erustose lichens, which are fairly abundant on the rocks here, seem to be 
wholly inconsequential in the establishment of higher vegetation. 

Erioyonum subalpinum Greene is the most characteristic species leading 
the mass encroachment of vegetation onto the loose rocks (fig. 3). The dense 
mat of low stems and leaves produced by this plant is admirably suited for 
the accumulation of litter and wind-borne mineral fragments. The fringe of 
Erioyonum about the open talus is thin and frequently discontinuous, and 
in places dead, wind-eroded Erioyonum mats demonstrate that plant suc¬ 
cession on this slope is vulnerable to reverses during seasons of exceptional 
drought. 

Immediately behind the Erioyonum fringe occur the species which com¬ 
pose the prairie-like climax. As stated previously, the permanent plant cover 
on the most exposed portions of the park is a grassland, while on less exposed 
situations occur individual trees or small groves of Finns albicaulis Engelm., 
Fseudotsuya tax if alia (Poir.) Brit., and occasionally Abies lasiocarpa (fig. 
1). There is no evidence whatever that the trees can increase to replace these 
grasslands under the existing climatic conditions. Among the most conspicu¬ 
ous vascular plants of the grasslands are: Fcstuca idahoensis Elmer, Ayro- 
pyron spicatum (Pursh) Seribn. & Smith, 2 Xerophyllum tenax (Pursh) 
Nutt., Carex geycri Boott., A mi aria formosa Fischer, Lupinus sp ., Achillea 
lanulosa Nutt., Aster stenomcres Gray., Senccio inteyerrimus Nutt., llier- 
acinm albert inn m Farr. The relatively simple succession on the south slope 
may be diagrammed as follows: 

Forest Association 

t 

I 

(less exposed sites) 

i 

i 

Festuca-Agropyron Association 

r 

Eriogonum 


TALUS 


ENVIRONMENTAL DIFFERENCES ON THE TWO SLOPES 
In spite of the short distance separating the two talus areas described 
above, there is an extremely sharp difference in the seres and the climaxes 

2 In this particular park most plants are of the awnless form, although a few indi¬ 
viduals possess short aw ns. 
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in which they culminate. Even the floras are almost wholly distinct—the only 
species in common is Xerophyllum tenax. These facts must be interpreted as 
indicating the existence of some factor or factor-complex which produces a 
net environmental difference proportionally as great as the vegetational 
difference. 

Frequently the obvious difference in water balance associated w T ith north 
and south slopes has been attributed to insolation which causes higher tran¬ 
spiration , evaporation, and temperature on the south slope, with the result 
that both the soil and air are drier there. To determine the extent to which 
this explanation might be applicable to the ridge studied, comparative mea¬ 
surements of evaporation stress were made. Stations were established in open 
talus areas on both slopes, as well as in the (dimax forest on the north slope 
and the climax grassland on the south slope. The data obtained (table 1) 

TABLE 1. Mean daily water-loss in milliliters from standardized spherical atmome - 
ters operated during a 4-weelc period: June 29-July 27, 1941. 


Location of instruments North slope South slope 

Open talus 
Large area 
Small area 
Climax vegetation 


show that (a) the evaporation rate is consistently lower in the climax com¬ 
munities than on the primary bare areas, (b) the severity of this factor 
decreases less as a result of succession on the south than on the north slope, 
and (c) the evaporation rate alone is not a critical factor governing plant 
succession here, for the evaporation rate on large talus areas on the north 
slope may be greater than the rate on a small area on the south slope. The 
type of vegetational development is correlated with direction of exposure 
rather than with the size of the talus area; the successional pattern is essen¬ 
tially identical on large and small talus areas on either slope, regardless of 
differences in evaporation stress. 

Other environmental measurements directly applicable to the present 
problem have been made on both north and south slopes near the west end 
of the ridge by Hayes. 3 He maintained stations in open situations on both 
slopes during the summer months for a period of three years. His data show 
that although summer precipitation and mean daily relative humidity (at 
4.5 feet above the ground) are approximately equal on both slopes, wind 
velocity on the south slope averages 1.1 m.p.h. greater than on the north, and 
the 3-year average of median maximum duff surface temperatures was 
148° F. on the south slope in contrast to 111 0 on the north slope. 

3 Hayes, G. C. 1941. Influence of altitude and aspect on daily variations in factors 
of forest-fire danger. TT.S.D.A. Circ. 591: 1-39. 


41.0 

29.8 40.5 
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The possible importance of lethal soil surface temperatures in the present 
problem can be discounted at once, because species characteristic of the north 
slope cannot grow even in the shade east by the dense tall grasses which cover 
the south exposure. 

Although measurements of wind and of duff moisture both indicate a less 
favorable water balance on the south exposure, even their cumulative in¬ 
fluence is not commensurate with the great difference in vegetation on the 
two slopes. Clearly none of the atmospheric conditions measured by Hayes 
or by the writers differs sufficiently in midsummer to account for the vast 
difference in xerism which is indicated by the vegetation itself. 

Two aspects of winter climate seem to deserve consideration with regard 
to this problem of environmental differentiation. There is abundant evidence 
in the Rockies that at upper timberline strong winter winds may evaporate 
more water from trees than can be absorbed from the cold soil so that winter 
killing results. This form of injury invariably results in strikingly asym¬ 
metrical trees, and since the pines and Douglas firs around the open grass¬ 
land on Looking Glass Ridge are neither uniformly nor strongly asymmetri¬ 
cal, the writers do not believe that winter winds are sufficiently strong to 
account for the differences in water balance on the two slopes. 

Another phenomenon associated with winter is the difference in amount 
of snow accumulation on the north and south slopes. A very high percentage 
of the snow which falls on the south slope is transferred to the north slope 
by wind action, even though the wind is not strong enough to distort the trees. 
So deep is the accumulation of snow just to the Ice of the crest of Looking 
Glass Ridge that in places the trees exhibit an extreme degree of dwarfing 
and distortion (fig. 1). The lower surface temperatures on the north slope, 
combined with the greater accumulation of snow, enable the snow cover to 
linger here until very late in the spring, and as a result the season of active 
plant growth does not begin on the north slope until long after a comparable 
stage is attained on the south slope. In consequence, the critical dry season 
on the south slope is lengthened by a period of time equal to this difference 
in the initiation of vegetative activity on the two exposures. In the opinion 
of the writers such a difference in the length of the season of cumulative 
drought, during which plants are active yet must rely almost entirely upon 
soil moisture accumulated during the winter, constitutes the only influence 
sufficiently great to be commensurate with the pronounced differences in 
vegetation on the tw r o slopes. 

SUMMARY 

Plant succession is described on talus slopes on the north and south faces 
of an east-west ridge in northern Idaho. Although the two areas studied are 
located very close to each other and at approximately the same elevation, 
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the environments differ so greatly that the processes of vegetational inva¬ 
sion, the serai communities involved, and the climax communities attained 
on each are strikingly different. The relative dryness so evident on the south 
slope is attributed primarily to the fact that the scanty snow accumulation 
operating together with high surface temperatures greatly advances the 
inception of the growing season here, and as a result the season when tem¬ 
perature is favorable for growth is so long that soil moisture reserves are 
exhausted before the summer is over. 
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FLOATING MATS ON A SOUTHEASTERN COASTAL PLAIN 

RESERVOIR 

Kenneth W. Hunt 

INTRODUCTION 

It has been shown that, a controlling factor in the vegetation of the South¬ 
eastern Coastal Plain is the widely fluctuating water table of this flat, poorly- 
drained region (,*$, 5). Most of the coastal plain “ponds’’ are not permanent 
bodies of water, and therefore do not maintain a marsh vegetation such as is 
seen in the north. Instead, they are invaded during the occasional prolonged 
periods of drought by the woody plants of the shrub-bog community, which 
then remain throughout subsequent fluctuations of the water table (1, 4). 

This raises the question of what the vegetation would be on a pond or 
reservoir of this region with a sufficiently constant water supply to prevent 
the shrub-bog development. Some evidence in regard to this question is to be 
found in the floating mats on the (loose Creek Reservoir, near Charleston, 
S. C., which are described herein. Results of inquiry on the part of the writer 
indicate that this is not a solitary case. Reports have been received of floating 
mats on “ponds” in Accomac, Nottaway, Charles City, and James City coun¬ 
ties, Virginia ; on a mill pond at Florence, S. C.; on a reservoir at Orange¬ 
burg, S. C.; and on natural lakes at White Springs, Orange Lake, Leesburg, 
McIntosh, and Apopka, Florida. (Assurance was given that these Florida 
localities display not merely water hyacinth, Eivhhornia rrassipcs Solms, 
but true mats supporting trees and shrubs.) The writer will appreciate re¬ 
ports of any other examples, even though it may not be possible to visit any 
of these under present war circumstances. 

Although reservoirs are scarce on the sparsely populated coastal plain, 
it may be expected that more will be provided if the industrial development 
of the Southeast gets under way. The recently completed Santee-Cooper 
Power Development on the South Carolina coastal plain provides 165,000 
acres in two permanent reservoirs, which finished filling in September, 1942. 
(Alternanthera philoxcrmdes 1 is already widespread in the upper Santee 
reservoir.) Along several of the arms of these reservoirs the IT. S. Fish and 
Wildlife Service has constructed four Refuge Impoundments with stabilized 
water levels, to be stocked with marsh plants selected for their wildlife food 
value. At other points along the shores of the reservoir the Health and Sani¬ 
tation Division of the South Carolina Public Service Authority is engaged in 

i Authorities for nil plant names mentioned are cited subsequently in the list of 
species collected. 
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restricting the vegetation for the purpose of malaria control. For these and 
other reasons, a knowledge of the vegetation which would normally develop 
on permanent coastal plain bodies of water should be of practical as well as 
academic interest, 

DESCRIPTION OF THE GOOSE CREEK RESERVOIR 

The Goose Creek Keservoir was formed in 1903 when the creek was 
dammed at a point 12 miles north of Charleston. This caused inundation of 
old sea-level rice fields which had reverted to brackish marsh. The reservoir 

TABLE 1.* Hydrogen-ion concentration of Goose Creek Hcscrvoir, colorimetrically 
determined. 


Before construction of the Edisto tunnel 


Since construction 
of the tunnel 


1923 

6.6 

1928 

6.6 

1933 

5.9 

1938 7.1 

1924 

6.3 

1929 

6.4 

1934 

6.0 

1939 7.0 

1925 

6.5 

1930 

6.2 

1935 

5.9 

1940 6.5 

1926 

6.7 

1931 

6.1 

1936 

6.1 

1941 6.4 

1927 

6.8 

1932 

6.1 

1937 

6.0 




Average, 1923- 

-1937: 

6.3 


Average, 1938- 
1941: 6.8 


* Arranged from 23rd Annual Report, Commissioners of Public Works, Water 
Department, Charleston, S. C. 


TABLE 2/ 

Mineral analyses , raw water (parts per million ). 



December 1, 1936 

November 28, 1939 


Goose Creek 

Goose 

Edisto 


(Only supply) 

Creek 

River 

Sodium 

7.56 

9.83 

6.19 

Potassium 

Trace 

0.64 

0.64 

Magnesium 

2.83 

1.42 

0.55 

Calcium 

3.25 

4.00 

2.00 

Iron 

0.75 

0.80 

0.70 

Aluminum 

0.07 

0.40 

0.51 

Chloride 

16.00 

14.00 

6.00 

Sulphate 

0.90 

4.11 

3.29 

Insoluble matter 

0.30 



Loss on ignition 

30.00 

38.00 

14.50 

Bicarbonate 


17.08 

32.20 


* Arranged from 23rd Annual Report, Commissioners of Public Works, Water 
Department, Charleston, S. C. 

is shaped like a question-mark, with a course 10 miles long and a maximum 
width of five-eighths mile near the lower end. The area comprises 2150 acres, 
inundated to an average depth of 4 feet. The upper half of the reservoir is 
almost wholly covered with floating vegetation. In the lower half the floating 
mats conceal perhaps one-third of the surface (figs. 1, 4); some'lobes nearly 
meet in the center of the reservoir, but are prevented from doing so by a 
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perceptible current. Much of the mat is composed of cat-tails, but over ex¬ 
tensive areas shrubs and trees have become established. Occasionally during 
storms portions of the mats are torn loose, and islands with small trees upon 
them have been reported sailing down the middle or across to the opposite 
shore (fig. 3). 

The vegetation was given an early start within a year after construction 
of the reservoir when large masses of partially decayed roots and humus rose 
to the surface. Upon this support a growing mat was quickly established, and 
though acres of it were removed by the engineers, its growth continued. 
Meanwhile mats began creeping out from the shores. By 1923 it was neces¬ 
sary to remove some 50 acres of vegetation from the lower end of the reser¬ 
voir to keep the intake clear. 

The average pH value of the reservoir water, based on yearly figures 
from 1923 through 1937, was 6.3. In 1937 the Edisto tunnel was completed 
through 23 miles of marl, bringing water from the Edisto River into the 
reservoir. As a result of contact with the freshlv-cut marl, the new water 
supply was alkaline, the net pH value in the reservoir rising to 7.1 in 1938, 
but it has now dropped back nearly to the former average (table 1). Mineral 
analyses are supplied separately for Goose Creek water and Edisto River 
water (table 2). 

There was no material depletion of the reservoir until the period from 
1916 through 1918, when storm damages, drought, and extra water require¬ 
ments during the war combined to wholly empty the reservoir by November, 
1918. (By the following January the level was again half normal.) Partial 
depletion recurred in 1927 and 1932. Since the opening of the Edisto tunnel 
in 1937 there has been not over 6 inches depletion. 

DESCRIPTION OF THE VEGETATION 

The general aspect, as one looks from the water over the mats and sees 
successively knot-weed (Polygonum), cat-tail (Typha), and willow ( Salix ), 
is that of the marsh stage in the northern pond hydrosere. Closer inspection 
reveals that some of the main body is reaching the forest stage, and that a 
third of the species on the mats are plants restricted to the coastal plain from 
New Jersey southward. In the pioneer zone, most of the plants are southern, 


Explanation of figures 1-4 

Fig. 1 . Development of a floating mat from the shore of the reservoir, showing the 
pioneer zone, cat-tail zone, and shrub zone. Fig. 2. Jnssiaea grandiflora of the pioneer 
zone, photographed from a distance of 5 feet. Fig. 3. View taken in late winter. In the 
middle distance is a floating island mat, on which are discernible the pioneer zone, the 
cat-tail zone (lighter strip), and the main body. Fig. 4. View over the main body of a 
mat, taken from a cypress near its center. This mat has been partially disrupted, with loss 
of the cat-tail zone. In the middle distance is another floating mat. Note the trees on 
both mats. 
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and the two dominants, Jussiaea grandi flora and Alternanthera philoxe - 
roides, are species not seen north of North Carolina. 

1. Pioneer Zone. This zone averages perhaps 50 feet in width. The 
foremost pioneer is Jussiaea gmndiflora, a dimorphic plant, with floating 
stems bearing oval glabrous leaves at the very fringe of the mat, succeeded 
farther back by upright branches bearing linear hirsute leaves (figs. 1, 2). 
In some places the advance position is locally usurped by Ilydrocotyle 
ranunculmdes . Alternanthera philoxeroides reaches nearly to the fringe, and 
together with Jussiaea grandi flora forms the warp and woof of the mat, the 
base upon which the cat-tails later start. Interwoven to a lesser extent are 
Polygonum densiflorum, Polygonum acre, and a grass, Sacciolepis striata. 
Annuals which grow upon this support are Bidcns lac vis , Boehmeria cylin¬ 
drical and Habenaria re pens. 

2, 3. Cat-tail Zone and Shrub Zone. The cat-tail zone varies from 25 
to several hundred feet in width. The solid expanse of Typha lati folia is 
varied only by occasional plants of Kosteletzkya rirginica. Intervening be¬ 
tween this and the main body of the mat is a narrow shrub zone of scattered 
Sal ix nigra interspersed with abundant Myrica cerifera. 

4. Main Body. The main body of the floating mat displays a varied 
flora, and is reaching the forest stage of its succession. Acer rubrum is fre¬ 
quent, with occasional specimens of Persea pubescens and Taxodinm dis- 
tichum. Beneath these trees and the accompanying shrubs are several species 
of ferns and herbaceous flowering plants, usually growing upon a thick base 
of Sphagnum. Here and there portions of the mat have sunk too rapidly, 
with destruction of the woody plants. This sinking occurs during the winter, 
when some of the vegetation dies back. Some of these areas have been filled 
in with a dense growth of Panicnm virgatum and Rubvs betulifolius. Others 
have a more varied flora, including several annuals, and dense growths of 
such vines as A pi os tuberosa and Mika nia scandens. Decodon verticillatus, 
the familiar pioneer in northern bogs, occurs in these interior open areas, but 
only in minor degree. Where open water occurs in the sunken areas it sup¬ 
ports a growth of Azolla caroliniana , Wolffiella florulana , and occasionally 
Lim nob iu ni Spongia. 

These four zones are by no means evenly developed. At some places what 
is designated as the 4 'main body” is lacking (fig. 1). Elsewhere, probably 
owing to disruption by storms, the cat-tail zone is lacking, and a narrow pio¬ 
neer zone appears to be making a fresh start directly from the shrub zone 
(fig-4). 

The plants in the following list were identified from reservoir specimens 
now filed in the College of Charleston herbarium. The collections were made 
on Aug. 30, 1941, March 7, 1942, May 9, 1942, July 11, 1942, and Oct. 
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17, 1942. Additional trips at different times and to other portions of the 
reservoir should add new names to the list, but it is not expected that the 
additions will materially affect its pattern. 

The plants listed for each zone are arranged roughly in order of fre¬ 
quency. The letter S before a name indicates that the plant belongs to the 
Southern Coastal Plain and does not normally occur north of New Jersey. 


PIONEER ZONE 

S Jussiaea grandi flora Mich. 

8 Altemanthera philoxcroides Griseb. 

JTydrocolyle ranunculotdes L. f. 

8 Polygonum densiflorum Meisn. 

Polygonum acre HBK. 

8 Sacciolepis striata (L.) Nash. 

Bidens laevis (L.) BSP. 

Boehmeria cylindrica (L.) Sw. 

8 Habenaria repens Nutt. 

CAT-TAIL ZONE 
Typha latifolia L. 

Kosteletzkya virginica (L.) Presl. 

SHRUB ZONE 

8 Myrica cerifera L. 

Salix nigra Marsh. 

MAIN BODY 

Trees and shrubs 
Acer rubrum L. 

8 Taxodium distichum (L.) Richard 
8 Per sea pubcscens (Pursli) Sarg. 
Cephalanthus occidentals L. 

Sambucus canadensis L. 

8 Viburnum scabrellum (T. & G.) Chapin. 
Amorpha fruticosa L. 

Undergrowth 

Woodwardia areolata (L.) Moore 
Woodwardia virginica (L.) Small 
Osmunda regalis L. 

Thelypteris palustris Schott. 

Sphagnum sp. 

Saururus cernuus L. 

Eleocharis sp. 

Car ex Jlowei Mackenzie 
Galium tinctorium L. 

8 Globifera umbrosa (Walt.) J. P. Gmel. 


Utricularia biflora Lam. 

Lycopus rubellus Moeneh. 

Rhus Toxicodendron L. 

S Smilax Walteri Pursh. 

8 Tdlandsia usneoides L. 

Open area growth 
Panicum virgatnm L. 

8 Rubus belulifohus Small 
Agios tuberosa Moeneh. 

Mikania scandens (L.) Willd. 

S Ipomoea sagittata Cav. 

Cuscuta sp. 

Sagittaria latifolia Willd. 

8 Eleocharis ochreata (Nees.) Steud. 
Utricularia gibba L. 

Uydrocotyle umbellata L. 

Boehmeria cylindrica (L.) Sw. 
Habenaria repens Nutt. 

8 Pluchea foetida (L.) DC. 

S Xyris communis Kuntli. 

Eupatorium purpureum L. 

8 Eupatorium leptophylium DC. 

8 Ludwigia alata Ell. 

S Hypericum petiolatum Walt. 

Hypericum virgin icurn L. 

Hypericum mutilum L. 

Cicuta Curtissn Coult. & Rose. 
Ptilimnvum capillaceum (Mich.) Raf. 
Erechtites hicracifoha (L.) Raf. 
Decodon verticillatus (L.) Ell. 

8 Erianthus giganteus (Walt.) Muhl. 
Hibiscus ocuhroseus Britton 
Solidago sp. 

Pools in sunken areas 
Asolla caroliniana Willd. 

S Wolfflella floridana (J. D. Smith) Thomp. 
Limnobium Spongia (Bose.) Richard 


Additional plants of the reservoir, not associated with the mats, are 
Nymphaea advena Ait., Cabomba caroliniana Gray, Potamogeion pusUlus 
L., and abundant algal growths. Zizaniopsis miliacea (Michx.) Doll & Asch. 
grows on the bank near the intake, where the floating vegetation has been 
cleared away. 

Wildlife is plentiful on the mats. Many species of birds are in evidence, 
including herons and snowy egrets. Several snakes have been seen, and abun¬ 
dant rabbit signs. 
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DISCUSSION 

It is significant that the above list of plants is that of a strictly mesic 
succession, from marsh to incipient forest, with the xeromorphic bog stage 
entirely missing. It therefore cannot be compared to the floating vegetation 
of northern bogs, nor to the xeromorphic shrub-bog and savannah communi¬ 
ties of the Southern Coastal Plain. 

This community obviously got its start as the result of the creation of a 
permanent body of water. Because the bottom was never exposed to the air, 
except for a few weeks in the winter of 1918-1919, there was no opportunity 
for the development of a cypress swamp (2, 6). Neither were any of the 
slirub-bog plants able to invade this permanently inundated basin. But over 
the surface a floating community quickly developed, favored by the warm, 
long growing season of the southern climate. The chief pioneers, Alter - 
nu nth era pluloxer aides and Jussiuea grand!flora, both restricted to the 
coastal plain south of Virginia, made possible its rapid spread. 

The real point of interest is why the succession thus initiated has never 
developed a bog stage. This environment differs from that of a bog in that the 
water is actively circulating, whereas in the bog it is comparatively motion¬ 
less. Consequently this water retains its low acidity (table 1) instead of 
becoming highly acid as in a bog. The significance of this, and of accompany¬ 
ing differences in mineral content, in relation to the vegetation, constitutes 
matter for further study. 

Meanwhile, this description of the Goose Creek vegetation may be indica¬ 
tive of what to expect on other permanent bodies of circulating, low-acid 
water created in the Southern Coastal Plain. 

SUMMARY 

On the Goose Creek Reservoir near Charleston, S. C., a floating mat has 
developed in the past forty years which is already reaching the forest stage 
of its succession. A list is given of 64 species collected there. Of special in¬ 
terest is the fact that no xeromorphic bog species are included. 

This community, not previously reported for the Southeastern Coastal 
Plain, is believed due to the permanent presence of circulating, low-acid 
water in the reservoir, in contrast to the generally fluctuating high-acid 
water table of the region. 

The vegetation on this reservoir may indicate what is to be expected when 
others are constructed in the Southern Coastal Plain. 

The writer is indebted to Mr. J. E. Gibson, Manager and Engineer for 
the Charleston Commissioners of Public Works, for the information on the 
history of the reservoir, for permission to use the statistics shown in tables 
1 and 2, and for his courtesy in making possible the collecting trips. 
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The writer also wishes to express thanks to Dr. B. W. Wells for his kind 
encouragement and helpful criticism of this report. 

College of Charleston 

Charleston, South Carolina 

Literature Cited 

1. Buell, Murray F. Peat formation in the Carolina bays. Bull. Torrey Club 66: 

483-487. 1939. 

2. Kurz, Herman & Demaree, Delzie. Cypress buttresses and knees in relation to water 

and air. Ecology 15: 36-41. 1934. 

3. Wells, B. W. Plant communities of the coastal plain of North Carolina and their 

successional relations. Ecology 9: 230-242. 1928. 

4 . -, Ecological problems of the southeastern United States coastal plain. 

Bot. Rev. 8: 533-561. 1942. 

5. Wells, B. W. & Shunk, I. V. A southern upland grass-sedge bog: An ecological 

study. N. C. Exp. Sta. Tech. Bull. 32. 1928. 

6. Welch, Winona H. An ecological study of the bald cypress in Indiana. Proc. Ind. 

Acad. 41: 207-213. 1932. 



BULLETIN OF THE TORREY BOTANICAL CLUB 


VOL. 70, No. 5, pp. 489-495 


September, 1943 


THE INFLORESCENCE OF CRATAEGUS 

H. W. Rickett 

The inflorescence of Crataegus is described by Fernald and Robinson 
(1908) and by Britton and Brown (1913) as a corymb. This term is defined 
by these authorities as 4 ‘a flat-topped or convex open flower-cluster, in the 
stricter use of the word equivalent to a contracted raceme and processing 
in its flowering from the margin inward;” and “a convex or flat-topped 
flower-cluster of the racemose type with pedicels or rays arising from differ¬ 
ent points on the axis.” The second definition is more precise than the first, 
which even in its “stricter use” does not differentiate the corymb from the 
umbel and other “contracted racemes.” The corymb is commonly defined 
in textbooks as consisting of pedicels attached along a rachis and forming 
a flat-topped centripetally flowering cluster. In none of the senses here 
expounded can the term be applied to Crataegus. Sargent (1905) called the 
flower-clusters of this genus “cymose corymbs”; which, if it means any¬ 
thing, presumably refers to something shaped like a corymb but blooming 
like a cyme—eentrifugally. This, though neither a clear nor an accurate 
statement of the actual conditions, is a trifle nearer the truth. 

This uncertainty of language reflects a current negligence in observation 
of inflorescences. The flowers of Crataegus are in a more or less “flat-topped 
or convex” group; their pedicels are the ultimate members of a system of 
some complexity. The whole answers more or less to the concept of a cyme 
held by Linnaeus and his contemporaries, a concept which had nothing to 
do with the order in which flowers open. If we are to apply the ideas implied 
in the definition of a cyme as a centrifugal inflorescence, it is necessary to 
study the compound cluster of Crataegus branch by branch; for certainly 
the inflorescence as a whole cannot be classified either as centrifugal or 
centripetal. 

The clusters illustrated in figure 1 are representative of the situation 
in the genus so far as 1 have been able to study it. They were sketched from 
living plants near Columbia, Missouri. Though they are diagrammatic, they 
are approximately to scale, so that the characteristic form of the clusters 
is shown; the symbols by which the flowers are represented at different 
stages are designed to facilitate a ready grasp of the entire pattern. It is 
at once evident that each inflorescence is composed of a number of unit 
clusters. The latter vary in character, but a recurrent type is a simple 
dichasium ( a ), consisting, of a short branch bearing a terminal flower and 
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two prophylls which subtend as many lateral flowers. 1 The prophylls are 
early deciduous in most species; the scars left by their fall are clearly 
visible, but are not shown in the figure. The terminal flower frequently opens 
first, as in those labeled a; in many dichasia, however, the three flowers 
bloom approximately together, as at b. 

Besides these evident dichasia are other small clusters less easy to in¬ 
terpret. Two-flowered branches may result from the abortion of the terminal 
flower or from the failure of one lateral flower to develop; the former 
method leads to a “false dichotomy.” Irregular clusters of from three to 
seven flowers (c) may represent as many dichasia, each reduced to a single 
flower. That this is the most plausible interpretation appears from C. 
pruinosa, whose inflorescence is much reduced. Its prophylls (often retained 
during anthesis and shown in figure 1) subtend few or no lateral flowers, 
and each potential dichasium of this species remains commonly limited to 
a single flower. Some of the apparent dichasia of C. crus-galli also are in 
reality (as their bracts indicate) not so simple as they seem, but must have 
been formed by the condensation of a group of dichasia whose lateral 
flowers aborted. 

In the species illustrated in figure 1 each dichasium is usually limited 
to three flowers; the development of new branches is not repeated from the 
prophylls of the lateral flowers. The repetition of the dichasial pattern, 
which is so familiar in (for example) the Crassulaeeae, does occur in some 
species of Crataegus , such as C. tomentosa. The sequence is not very regular, 
however, and is soon lost in clusters of short-pedicelled flowers closely aggre¬ 
gated and blooming approximately all together. 

The main branches of the inflorescence, which are thus terminated by 
dichasia, are aggregated in a rather irregular fashion upon a central axis. 
The lower branches are subtended by foliage leaves, those next above by 
reduced leaves which may be called bracts, the highest ones by early de¬ 
ciduous bracts which resemble the prophylls. One may hazard a guess that 
an ancestral plant bore a number of characteristic dichasial inflorescences 
from the axils of its foliage leaves. Such clusters would perhaps be disposed 
along a vegetative axis in a “racemose” fashion; i.e., those nearer the base 
would be better developed and would flower earlier than those towards the 
tip. The present inflorescence would then have originated by the condensa¬ 
tion of the entire axis, with the reduction of most of its leaves to bracts, 

1 1 use the term dichasium here in its original sense: an inflorescence which branches 
always 1 ‘ dichotomously ’ ’ from beneath a terminal (often abortive) flower. Some students 
of today* apply the term in a looser sense to refer to a cluster composed of dichasial ele¬ 
ments, however arranged upon a main axis. As for the prophylls, this expression also I 
use in the common sense of the two bracts immediately below a flower which terminates 
a branch. They are so named by analogy, which may quite possibly be false, with the 
prophylls of a vegetative branch. 




Explanation of figure 1 

Fig. 1. Diagrams of inflorescences of several species of Crataegus, a, typical dicliasia; 
6, diehasia of flowers opening simultaneously; c, more irregular groups. 
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and the aggregation of many nodes, particularly the more distal ones. Such 
a process must have been involved in the formation of the thyrse of Syringa, 
which is made of similar elements. Many of the *‘cymes’’ of the older bot¬ 
anists, such as those of Cornus, Viburnum, and Sambucus, are to be similarly 
understood. 

A further reduction of the lateral inflorescences to one-flowered branches, 
as outlined above for C. pruinosa, would result in a characteristic corymb 
or raceme (in the usual sense of these terms), provided that the order of 
flowering of the lateral branches preserved the acropetal tendency (along 
the main axis) originally characteristic of their relative development. Such 
a mode of derivation of the racemose inflorescences has been suggested by 
Parkin (1914) and by Woodson (1935). In Crataegus , however, the various 
dichasia of an inflorescence bloom at approximately the same time, as is 
evident from figure 1. Such slight differences as appear may be in either 
direction. The same fact is noticed in the reduced inflorescence of C. 
pruinosa. The individual flowers of this species are disposed singly or in 
groups along the axis, and their flowering proceeds in various directions. 
The cluster may simulate a cyme, the terminal flower opening first; rarely 
does it suggest a corymb. 

The last point introduces another potent source of confusion. A cyme 
is customarily defined as an inflorescence which flowers centrifugally. It has 
escaped the notice of many of the definition-makers that such a concept 
may rarely be applied to a simple inflorescence—one whose ultimate 
branches arise directly from a common axis—unless it consists of only a 
few flowers (typically three). The elementary unit from which cymose 
inflorescences seem to have developed is the dichasium; the development 
of a three-flowered into a many-flowered cluster may proceed (phylogeneti- 
cally) by a repetition of dichasial branching, each new unit arising from 
the axil of a prophyll on a preceding dichasium, and each dichasium flower¬ 
ing centrifugally. Sometimes an inflorescence is built on pleioehasial rather 
than dichasial lines; there may be a whorl of branches arising from a pedicel 
and in turn yielding whorls of the next order. Such arrangements probably 
are derivative from an earlier condition. But in any case the order of 
flowering must be described for each cymule; although the entire cluster 
may be called cymose, it cannot be said to flower centrifugally as a whole. 
Only as a result of extensive reduction and condensation may it perhaps 
happen that a cluster is formed—as sometimes in C. pruinosa —which corre¬ 
sponds to the definition of the textbooks. The lack of attention to the above 
distinction is seen in the treatment of the '** umbels’ ’ of Allium and Pelar¬ 
gonium and the “heads” of Cornus canadensis and C. florida , which 
(though umbels and heads are always defined as centripetally flowering) 
are made up of dichasial or monochasial units and flower as a whole neither 
centripetally nor centrifugally. 
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It is obvious that far too much weight has been attached in descriptive 
botany to the order in which flowers open. This is not a morphological 
character at all, nor does it correspond to any underlying morphological 
pattern. Flower-buds, like vegetative buds, may Jie dormant; the time at 
which they resume growth depends on many factors. The meristematic 
region which ultimately becomes a lateral flower in the axil of a prophyll 
was derived from an apical meristem which was once at that level; the 
present apical meristem, which is now becoming a terminal flower some 
distance above the prophyll, is also descended from this same mass of 



Fig. 2. Outline drawings (made with a camera lueida) of parts of sections through unex¬ 
panded inflorescences of Crataegus crus-galli var. daniclsn. The central drawing is composite, 
since median sections of the three flowers were found in different sections; the broken line rep¬ 
resents the attachment of the central flower, which is shown displaced. 

meristematic cells. Which is the elder? If this question has an answer at all, 
surely the lateral meristem is older than the apical meristem above it,— 
irrespective of which first matures into a flower. Either may, in fact, abort. 

These contentions are supported by an examination of sections through 
unexpanded inflorescences. Figure 2 shows portions of inflorescences of the 
same plant of C. crus-galli var. danichii as is illustrated in figure I, gathered 
at several dates in early spring. Terminal dichasia and parts of lateral 
clusters are visible. The right-hand cluster simulates a dichasium but prob¬ 
ably (to judge from the number of bracts) is actually a cluster like the 
apparently simple inflorescence of C. pruinosa , as interpreted above. On 
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March 5 stamens had become evident. All the flowers, which were closely 
crowded, were at approximately the same stage. A parenchymatous pith is 
visible in the pedicels, surrounded by the provascular strands. Earlier stages 
are not available, but it is clear that terminal and lateral flowers of a 
dichasium, and even flowers representing several condensed dichasia, origi¬ 
nate practically simultaneously from one meristem. This should be con¬ 
trasted with the usual statement that the axis of a cyme is terminated by 
a flower, growth being continued by flowers produced subsequently from 
the axils of bracts below the terminal flower. 

Sections made as late as April 1 differ little from those illustrated except 
for the presence of the carpels. In some dichasia the terminal flower has 
enlarged more than the lateral flowers; this is not always true. In the 
material studied (which was not as abundant as could have been wished) 
no difference was evident among corresponding flowers of different clusters 
of an inflorescence. This plant came into bloom, in the manner indicated 
by figure 1, during the first week in May. It is clear that the order in which 
the flowers open is influenced by factors which are introduced late in the 
ontogeny of the inflorescence and which have no necessary relation to the 
morphological pattern in which it was organized. 

This inflorescence (and it is representative of a large number of more 
or less similarly derived clusters) may, as explained above, represent a 
half-way stage in the phylogeny of a “racemose” inflorescence; but cer¬ 
tainly it cannot be described as a corymb. It conforms to many of the 
clusters called panicles, that unfortunate word having been used in such a 
variety of ways that it is practically useless. As Sargent saw, it is funda¬ 
mentally “eymose” in pattern, and might, in fact, be conveniently referred 
to as a cyme, if this term is subjected to the clarification and redefinition 
which it needs. Since it can be shown that the introduction into morpholog¬ 
ical description of such terms as “centrifugal” and “centripetal,” “deter¬ 
minate” and “indeterminate,” rests on a wholly philosophical rather than 
a scientific basis, and since the order of flowering is of little value as a 
morphological concept, it is clear that existing definitions of cymes have a 
mainly historical value. I propose here to redefine a cyme as a more or less 
flat-topped compound cluster composed essentially of dichasia or pleiochasia 
(perhaps also of monochasia* since the former types grade into this in many 
inflorescences). 2 In this sense the inflorescence of many species of Crataegus 
(perhaps all) is a cyme; also those of Cornus section Thely crania, Viburnum, 
and SambuctiS' The recognition of the fundamental type from which a par- 

2 This is the * ‘ compound cyme 9 9 of some current workers; the 1 f simple cyme 9 9 being 
what is here (and quite generally) called a dichasium. Since the cyme may be compounded 
in so many ways, each of which deserves analysis, it is useful to have both a general 
inclusive term—the cyme of the present definition—and more precise terms, such as 
dichasium, to indicate the elements of the composition. 
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ticular cyme has been derived may require close study, because of the 
tendency towards reduction of the dichasia or pleiochasia to one-flowered 
branches and the aggregation of such branches on a common axis; and 
because the flowers of such unit clusters frequently bloom together. Such 
cymes as that of Crataegus pruinosa can be diagnosed only by those who 
are familiar w T ith the less reduced inflorescences of related species. However, 
it is worth while to have a definition and a concept which describe flower- 
clusters as they actually are, even at the cost of some trouble in applying 
them. 

The New York Botanical Garden 
New York 
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THE CONCEPT OF INFLORESCENCE 

Leon Croizat 

In a previous article (Bot. Gaz. 103 : 771-779. 1942) the writer has re¬ 
viewed some of the peculiarities of the inflorescence of the Euphorbiaceae. 
The present paper describes the intercalary inflorescence of certain species 
of the Olastraceae and Staehyuraceae, indicating generalities which pertain 
to the description and interpretation of inflorescences in general. 

THE INTERCALARY INFLORESCENCE 

In the pages of a paper currently accepted as a classic on the subject of 
inflorescences, Parkin states (Jour. Linn. Soc. Bot. 42 : 512. 1914) : “In this 
paper a new term is introduced for that kind of flower-cluster, the main axis 
of which continues to grow vegetatively after emitting the flowers. The name 
intercalary is proposed for this.” 

According to this definition, an intercalary inflorescence consists of two 
members, both of which are essential. One, a supporting main axis (fig. 1, a), 
capable of continuing its vegetative apical growth after emitting lateral 
flower-clusters; the other, a certain number of flower-clusters so emitted 
(fig. 1, b). Conceived in these terms, an intercalary inflorescence can arise 
only on account of the interplay of a main axis with the flower-clusters which 
this main axis yields and supports. Naturally, the definition of such an in¬ 
florescence is essentially based on an interpretive and dynamic concept, not 
on a descriptive and static one. Under this concept the main axis is visual¬ 
ized not as a separate entity but, together with the flower-clusters which arise 
from it, as part of the inflorescence itself. It does not matter to the concept 
of intercalarity whether the main axis ceases growing immediately after 
emitting the last flower-cluster or beyond it, neither does it matter whether 
the flower-clusters themselves are cymes or racemes, many or few, simple or 
compound, close to or remote from the growing point of the main stem. All 
that matters in this concept and under this definition is the interrelation of 
certain branches, essentially floriferous, with an axis which is essentially 
sterile. 

After having defined the intercalary inflorescence, stressing a dynamic 
and interpretative concept, Parkin adds (op. cit 514) : “It seems futile to 
quibble over the question whether the inflorescence means the mode of floral 
branching or the flower-group itself. Custom has sanctioned the latter mean¬ 
ing. ’ ’ This addition is incompatible with the very definition of intercalarity, 
and reveals that Parkin is perhaps not master of the fundamentals of the 
issue with which he professes to deal. If, viewing an intercalary inflorescence, 
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attention is focussed only upon the lateral flower groups (fig. 1, b )—this 
being the “customary approach” in the sense of Parkin—the central axis 
(fig. 1, a) is bound to be neglected, which automatically destroys the per¬ 
ception of the factors of growth and position essential to an understanding 
of intercalarity. Anyone who follows the “customary approach” fails to 
grasp the importance of the axis that binds into a whole the flower-clusters, 
and, as a matter of fact, does not pay attention to this axis at all, for it is 
not a flower-group but essentially a vegetative shoot. Accordingly, the fol¬ 
lowers of the “customary approach” are ultimately bound to visualize the 
individual flower-groups as isolated cymes, racemes, spikes, and the like. In 
so doing they greatly narrow the scope of a study of the inflorescence in 
general, and are eventually thrown back upon descriptive concepts, taking 
up each group of flowers by itself, and attempting to define it as it looks, 
neglecting at the same time to take into account the main axis which is the 
keystone of the floriferous structure. 

The voluminous literature that deals with inflorescences reveals that as 
a rule the approach to the problem has so far been “in the customary 
sense,” neglecting the structural and evolutionary side of the issue, while 
attempting to define the various kinds of flower-clusters in a final and per¬ 
fect manner. This is known to be impossible to any one who has observed 
inflorescences with a critical eye. Some workers, like Iloeper (Linnaea 1: 
/t 42. 1826) believed that all inflorescences could easily be segregated into two 
main groups (“In duas autem magnas classes onmes inflorescentiae commode 
distribui possunt, quarum una infloreseentias terminales vel definitas, altera 
inflorescentias indeterminatas vel indefinitas compleetitur”), and advanced 
definitions which, although based on error, have unfortunately had much 
influence upon botanical thinking in general. Other writers, like Saint- 
Hilaire (Morph. Vcg. 315-318. 1841) and Bidder (Bluthendiagr. 1: 33-34. 
1875), have rejected the ultimate value of the Roeperian findings, although 
failing to discuss them to a final conclusion. Ily’s work (Rev. (ten. Hot. 6: 
385-408. 1894) lays down premises leading to numerous definitions which 
have never been widely accepted, and as a matter of fact are of little prac¬ 
tical value, despite their being accurate in theory on the whole. Only twice, 
to the writer\s knowledge, has intercalarity definitely been seen, by the 
brothers Bravais (Ann. Sei. Nat. II 7: 193-221; 291-348. 8: 11-42. 1837- 
see especially p. 309, 25 and footnote to p. 27, 28) and by Parkin. The find¬ 
ings of these workers have been ignored, however, probably on account of 
the obscure manner in which they were presented, and of the failure on the 
part of the Bravais and of Parkin to draw the necessary conclusions. To this 
day—much to the intuitive dissatisfaction of every thoughtful botanist—a 
consideration of the inflorescence generally follows the so called “customary 
approach,” that is, emphasizes description to the ultimate detriment of inter- 
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pretation, stress being laid upon whether the isolated flower-cluster, for 
instance, is a raceme rather than a cyme or the like. Aside from the fallacy 
which it accepts as its main premise in theory, this approach often has catas¬ 
trophic results in taxonomic practice, a student endoetrined by the “cus¬ 
tomary approach ’ 9 being always baffled and bewildered by the intercalary 
inflorescences which he finds frequent in nature and in the herbarium. 

As an illustration of the fundamental value of the concept of intercalar- 
ity for any critical study of floral axes, this writer likes to refer here to the 
belief of Parkin, and of Zimmermann (Bot. Centralbl. Beih. 53 A: 95-121. 
1935) that the single apical flower and the cymose raceme are the origin of 
all inflorescences. This theory is easily refuted. An intercalary inflorescence 
which is being reduced in the manner shown by figures 2-4 ultimately ends 
with a single apical flower, which shows that such a flower may be derivative 
as well as primitive. It could be objected that a derivative terminal flower is 
always separated from the underlying main axis by an articulation, hence 
that it is not truly terminal. This might be true, but is not necessarily so, 
because it is possible that the terminal flower arises from a central meristem, 
and is apical in the strict sense of the term, becoming single and articulate 
by abortion of the meristems lateral to it. Naturally, such a flower does not 
bespeak a primitive condition, since it arises by reduction of a terminal 
cyme. Moreover, an articulation may be so reduced as to be practically lack¬ 
ing, as when for instance a pad of Opnntia or a joint of succulent Euphorbia 
emerges from another without the intervening formation of a bud, the limits 
between a constriction and an articulation in the narrower sense of the term 
being indeed very tenuous. It is clear that the theory that the primitive in¬ 
florescence is the single apical flower and the cymose raceme primarily rests 
upon the loose generalizations so prevalent under the “typological ap¬ 
proach.” It is striking that neither Parkin nor Zimmermann should have felt 
the need to take into consideration the possible presence and significance of 
articulations. A stringent consideration of these peculiarities must find its 
place in any work that attempts to identify a rameal structure, whether 
primitive or derivative, sterile or floriferous. 

This writer feels that too much importance is given the descriptive side 
of general morphology, firmly believing that this is due to subservience to 
frames of mind that, though valid in the days of Linnaeus, are now thor¬ 
oughly dead as science. Under a normal approach to any form of biological 
investigation, the subject, whatever its nature, should be critically worked 
out before being defined, and its structural possibilities probed to the utmost 
before its nature, whether “cyme” or “raceme,” “branch” or “leaf” is 
codified into words. It is difficult indeed to see a reason why botany should 
not follow mathematics in the use of concepts, comprehensive and often 
essentially undefinable, which are tested in the practical solutioh of problems 
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with absolute freedom from preliminary tiresome quibbling about defini¬ 
tions. It proves impossible to determine which one is the “primitive” in¬ 
florescence, whether the cyme or the raceme or the racemose cyme, for the 
same reason that it proves impossible to define in clean-cut terms the attri¬ 
butes of the absolutely primitive branch. Every discussion about primitive 
and derivative structures presupposes a knowledge of a starting point in 
evolution, and not only this, but of the tendencies that may carry a body 
away from such a point. Obviously, to the success of an ultimate definition 
a concept of motion and limits is indispensable; this, most unfortunately, 
would still seem to be essentially repugnant to much botanical thinking, 
definition and description rather than understanding and interpretation 
still being the main concern of such thinking. Obviously a study of phylog- 
eny, including and aside from the inflorescence, is essentially dynamic, for 
it rests mainly upon an investigation of variations in structural morphology. 
It can be soundly argued that the primitive flower of the Euphorbiaceae has 
petals and sepals, and is nearest that of the Sterculiaceae and the Malvaceae, 
because it can be shown that that family belongs to the malvoid plexus, and 
has evolved in the main by suppression and modification of the organs 
within its flower. The case is altogether different with inflorescences in gen¬ 
eral, for in them a few basic patterns endlessly compose and decompose 
themselves, that which is primitive for one family being derivative for 
another. Academic and “typological” discussions are here useless because 
every case must be judged on its own merits with a broad understanding of 
the issue as a whole and with a mind free from the preconception, for in¬ 
stance, that an apple is “branch” rather than “leaf.” 

Recognizing the cogency of pedagogic needs and the ultimate necessity 
for broad definitions, this writer ventures to suggest that the theoretically 
primitive condition of the inflorescence is that of two mcristems, one flower¬ 
bearing, the other vegetative, which meristems at the very first may be visual¬ 
ized as forming a dichotomous arrangement (fig. 5), only later establishing 
the normal anatomic and positional relationship of branch and bud. If the 
floral meristem in this pattern gains the ascendancy and the vegetative one 
develops at its side (fig. 6), a basically sympodial pattern results, which 
pattern is automatically reduced to one apical flower should the lateral bud 
fail to develop or abort. If, on the contrary, the vegetative meristem evolves 
first, the single lateral flower appears (fig. 7). A combination of these stand¬ 
ard growths yields any inflorescence from the simplest to the most complex, 
the concept of differential growth here barely outlined applying equally well 
to such different axes as the single-flowered scape and the terminal woody 
cymose raceme. While it must be admitted that the view here advanced is 
essentially theoretical and pedagogical, this writer has good reason to believe 
that it has considerable practical bearing upon the systematic and taxonomic 
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interpretation of certain inflorescences in the Rubiaeeae, Ranunculaceae, and 
Podophyllaceae, all families in which the interplay of floral and vegetative 
primordia is intimate and direct. 

To summarize this introduction: An inflorescence is primarily to be 
viewed and defined as an aggregate of vegetative and floriferous axes, that 
is, as a structure usually (but not necessarily always) of temporary nature, 
brought into being, together with the flowers themselves, for the sake of 
reproduction. Certain elements of this structure evolve first, others later, a 
consideration of differential growth, which involves both physiology and 
morphology, being required for a rational treatment of all these axes. The 
inflorescence, consequently, answers the definition and the concept of a com¬ 
pound organ modified in endless details, it being futile to try to define each 
modification in itself and in a precise and absolute manner. The “raceme” 
gradually passes into the “cyme,” the “single apical flower” becomes a 
“cluster,” each one of these terms being valid as conventional description 
but certainly lacking the rigidity which the authors of the past have sought 
to impart to them. The writer does not believe that the characterization of 
the inflorescence which he attempts to present here is wholly above reproach, 
or that it can cover every detail. He feels, however, that it affords a ground 
of definition and elaboration which the so called “customary approach” to 
the study of floral axes is wholly unable to provide. Intercalarity belongs to 
every manner of inflorescence in principle; it is a serious error, in the con¬ 
sidered opinion of the writer, to regard it as a special case in the life history 
of floriferous axes. 

SOME CELASTROID INFLORESCENCES 

In Rehder’s excellent manual (Man. Cult. Trees & Shrubs, ed. 2, 560. 
1940) the keys to cultivated Celastrus are based upon the characters of the 
inflorescence. Celastrus scandcns L. (Waxwork or American Bittersweet) 
and C. angulata Maxim, are referred to the heading: “FIs. in a terminal 
panicle,” while five other species including the ubiquitous C. orbiculata 
Thunb. (Oriental Bittersweet) are keyed out under the diagnostic note: 
“FIs. in axillary cymes often partly crowded into panicles.” These defini¬ 
tions are empirically correct and descriptively speaking altogether sound; 
the coming discussion is devoted to an interpretation of the inflorescences' 
of C. orbiculata and C. seandens in order to bring out the nature of the 
panicles and cymes which characterize the genus in cultivation. 

1. Inflorescence of C. orbiculata. The component members of the in¬ 
florescence of this species are two, variously adapted and modified as will 
later be seen. One is a supporting axis (“main axis” as defined by Parkin), 
the other a collection of flower-clusters borne laterally and, generally, in a 
false apical position upon this axis (figs. 9-11). This inflorescence, conse¬ 
quently, is intercalary. 
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For convenience, the flower-clusters will be described here first. Each con¬ 
sists of an essentially eymose group of flowers which are articulate below 
the peduncle (that is, at the lower end of the axis which ends immediately 
in the flower). Omitting details, interesting as such but not to be taken up 
in a review of fundamentals, these clusters are arranged along the lines of 
the pattern shown in figure 8. The rachis of the cyme (fig. 8, a) emits a vari¬ 
able number of lateral flowers, from 1 to 7 but usually from 3 to 5, in the 
axils of more or less reduced bracts. Each flower so emitted may bear in its 
turn flowers from its pedicel. Anthesis in the individual cluster takes place 
in the conventional cvmose order, or very nearly so. This means that the 
apical flower (fig. 8, b") opens first or at least contemporaneously with the 
flowers which terminate the lateral secondary pedicels (fig. 8, V). Along the 
entire floriferous axis , on the contrary, the time of anthesis answers the con¬ 
ventional definition of racemose; that is, the lower flower-clusters on the 
branch come into blossom first. 

The articulation at the pedicel of the flower is more or less marked, being 
comparatively obscure (sometimes very much so) under the apical flower in 
a free-grown and robust flower-cluster. 1 The flower-cluster itself originates 

1 An articulation in this and similar cases generally bespeaks a time of lag or arrest 
in growth. A lag yields oftentimes a mere constriction; a full stop an actual or potential 
bud-structure. As has been pointed out elsewhere in this paper, it is not certain that coil* 
strictions and true artieul.itions are always separable, the vigor of the shoot—in all that 
the term implies—having a direct bearing upon the matter. It might be added that the 
bud-scales show definite differential growth in certain plants (for instance, Caltistemon 
spraosHS, the well known “Bottle-brush"), but only arrested growth in other ones 
(Euphorbinceae and Sterculuieeae in general). The time-honored argument whether the 
cataphyll is due to differential growth or to arrested growth can easily be settled any way 
a debater chooses, merely by studying certain plants in preference to others. 

Explanation of figures 1-11 

Fig. 1. An intercalary inflorescence and its components: a , supporting main axis (in 
the sense of Parkin) ; b, /ateral flower-dusters. The heavy shaded line separates the two 
components. Figs. 2-4. Evolution of a single terminal flower from an intercalary in¬ 
florescence ; a, apical bud. The abortive flower and bud are merely outlined in fig. 4. Fig. 
5. Floriferous (a) and vegetative meristem («') as the theoretical beginning of the in¬ 
florescence. Fig. (i. Condition arising from the prevalent develojnnent of the floriferous 
meristem. An apical flower (a) is established, the vegetative meristem ( a ') yielding a 
lateral, ultimately sympodial arrangement. Fig. 7. Condition arising from the prevalent 
develojnnent of the vegetative meristem. A lateral flower (a) is produced, tin* main axis 
(o') continuing its apical growth. Fig. S. Lateral cMmile of Celaslinx orbivnltiUi: a. 
rachis (main floriferous axis of the cymule) ; b\ lateral apical flowers; fc", central (true 
apical) flower; c, vegetative bud above cymule; <h flower with double articulation; c, nor¬ 
mal articulation; /, abortive flower responsible for the double articulation at <1. Fig. 9. 
Cymules absolutely lateral ujion an indefinite (free-growing) sterile shoot. Fig. 10. In¬ 
florescence derived by reduction and adaptation of the preceding; the cymules crowded 
in a racemose manner toward the inhibited apex of the shoot; fl, abortive apex of the shoot. 
Fig. 11. Inflorescence derived by further reduction and adaptation of the two preceding; 
cymules borne within a leafless bracteolate raceme, often growing upon old wood (hence 
cauloearpic); a, abortive apex oi the shoot. 
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immediately below a dormant bud (fig. 8, c), and is subtended by a leaf or a 
bract. 2 

In conclusion: the lateral flower-cluster of C . orbiculata is to be conven¬ 
tionally defined as a compound cyme in a more or less advanced state of 
reduction. This reduction is nowhere in better evidence than upon those 
flowers which are borne upon an axis having a double articulation (fig. 8, d). 
This double articulation arises by elimination of a flower (fig. 8, /) immedi¬ 
ately below the apical one. 

The modifications undergone by the supporting main axis, that is, the 
branch on which the lateral flower-clusters are jointly borne (“main axis ’’ 
of the intercalary inflorescence of Parkin) are fairly extensive. This branch 
presents three patterns in the main, as follows: (a) The branch is leafy 
throughout, bearing the flower-dusters mostly at the base (fig. 9); (b) The 
branch is leafy, sterile at the base, but toward the apex bears flower-clusters 
subtended by more or less evolute bracts (fig. 10) ; (c) The branch is much 
shortened, bears bracts and flower-clusters throughout, and often appears 
on old wood in a clear caulocarpic position (fig. 11). Tn this case especially, 
the lowermost flower-clusters may be reduced to one or two flowers. 

The significance of these modifications for the usual definition of in¬ 
florescence is worth noticing and far-reaching. In the first case, the conven¬ 
tional student of the inflorescence merely visualizes lateral cymes borne upon 
a sterile shoot (“axillary cymes” of the manuals). In the second, such an 
observer begins to see a short branchlet ending with a racemose panicle 
(“flowers often partly crowded into panicles”). In the third and last case, 
this onlooker soars to the final perception of a full-fledged panicle. Taxonomi- 
eally speaking, these visualizations are above reproach and, so far as they 
are descriptively intended, fairly sound. On the other hand, critically ap¬ 
proached, all these cymes, partial racemose panicles, and full panicles are 
merely adaptations of the same floral pattern, that is, aspects which cannot 
be absolutely defined in their own right, and even less presented to the atten¬ 
tion of a classroom without pertinent comment and elucidation. It is no less 
interesting to notice how taxonomists and descriptive botanists in general, 
being faced with concrete cases, apply the concept of intercalarity even 
when they are not informed of the fact that this concept has been formu¬ 
lated, at long last, in print. The taxonomist who describes the inflorescence 
of C. orbiculata as “axillary cymes” only sees the lateral flower-clusters, 

2 Although the fact has no immediate bearing upon the subject at hand, it may be 
mentioned here that abortive inflorescences homologous in their position with those of 
Celastrus (see Hydrolva, Bougainvillea, Prensepia, Vonvirus, and Crataegus) appear as 
thorns. Thorns of this origin and nature cannot be neglected in any exhaustive physio¬ 
logical and phylogenetic study of floriferous axes; their study yields in addition valuable 
systematic clues. Interesting investigations, so far untouched to the knowledge of the 
writer, await those interested in these structures and their life history. 
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abiding thereby by what Parkins accepts as the “ customary definition of 
inflorescence.” When this taxonomist, on the contrary, sees the flowers of 
the same species as being “ crowded into panicles / 9 he implicitly rejects 
the customary definition and accepts intercalarity as self-evident, this time 
visualizing as a whole the flower-clusters together with the “sterile shoot” 
which binds them. In view of this evidence, the writer needs not emphasize 
once again the practical value of the concept of intercalarity for a correct 
description and interpretation of all manner of inflorescences. The inflores¬ 
cence is a prime component of much taxonomic work, which explains why 
authors not familiar with the workings of intercalarity happen to write 
laboriously and not always happily, striving to “define” floral patterns 
which, instead of being proteiform and confusing are indeed very simple. 
A great deal of useless species-making, it may be added, is to be charged to 
the same neglect of intercalarity. 

The manner of growth of the branch which supports the lateral flower- 
clusters in C. orbiculata repays scrutiny. When it first appears this branch 
has a fairly definite herbaceous texture. Soon, however, it turns woody, thus 
shedding the usual habit of a rachis to acquire that of a true branch. As the 
wood matures, the dormant buds develop to the full, often even promptly 
bursting into growth if the growing apex of the branch happens to be cut off. 
Naturally, a marked difference in habit is noticeable on the same plant seen 
in the spring or in the fall of the year. When flowering begins, a casual 
observer sees “racemes” with an herbaceous green “rachis,” but when the 
fruits are ripe, this same observer is aware only of the existence of “lateral 
cymes,” the rachis having become by then a permanent, definitely woody 
branch with a manifest bark. Nothing better than this fact proves the ulti¬ 
mate futility of trying to define inflorescences without taking into account 
their life history and structural possibilities. 

As has been seen, the branch which supports the lateral flower-clusters 
in C. orbiculata is usually rachis-like (figs. 12, 13), ending with an abortive 
tip. This abortive tip may become fused more or less extensively and inti¬ 
mately with the base of the nearest flower-cluster (fig. 12, a) 3 or stand out 
free (fig. 13, a). Under a moderate magnification this inhibited tip may be 
seen as surrounded by crowded braeteoles (fig. 12, a ), or to be covered by. 
glomerulate structures (fig. 13, a) suggesting flower buds. This tip, in con¬ 
clusion, is vegetative or floriferous, and deciduous by an abscission layer ap¬ 
parently homologous with that which is active at the tip of the branchlets of 
Ulmus and Tilia . 

3 This type of fusion is occasional in C. orbiculata. It does not seem to be materially 
different from that which takes place in Lilaca (see Campbell, Ann. Bot. 12: 1-28. 1898; 
Arber, Ann. Bot. II. 4: 617-627. 1940), although the fusion is much more intimate in the 
latter than in the former case. The writer hopes to return to the subject in dealing with 
prophylls and carpels. 
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2. Inflorescence of C. scandens. The inflorescence of the waxwork is 
customarily defined as a terminal panicle. Tt consists (fig. 14) of a rachis with 
a prevailing herbaceous texture, capped as a rule by an apical articulate 
flower, and bearing at the sides more or less numerous compound cymules. 
This raceme is cymose in the conventional sense because its main axis 
(rachis) is “definite,” that is, ends with a flower. The individual flowers on 
this raceme, moreover, tend to open or do open eymosely, that is, the apical 
flower of the main axis (rachis; fig. 14, a) and of the lateral cymules (fig. 
14, a ') come into blossom practically at the same time. In this respect the 
waxwork differs from the oriental bittersweet. In noticing the fact, the writer 



Fig. 12. Tapper extremity of the inflorescence of Cclastru* orbiculaia of the pattern 
shown in figs. 10 and 11. The abortive (inhibited) tip (a), Ls surrounded by bracteoles 
(cataphvlls) and tends to fuse with the base of the nearest lateral eymule. r, vegetative 
buds. Fig. 13. Same inflorescence as that shown in fig. 12. The abortive tip (a) is free 
and bears minute flower-buds. At h a subabortive vegetative bud, at c a normal one. Fig. 
14. Inflorescence of C. scandtns forming a terminal cymose raceme, b, growing point; a> 
o', apical flowers. Fig. In. Inflorescence of Slachyuru.s yunnaurnsis. 

feels impelled to add tlmt the time of opening of the flowers is not, as it has 
long been believed, a primary criterion by which to judge the nature of an 
inflorescence. Pertinent data on the causes that may influence such ail open¬ 
ing will be read, for instance, in Stout’s account of the floral behavior of the 
Avocado (Mem. N. Y. Bot. Oard. 7: 145-203. 1927). This account does not 
support the belief that the oldest flower in a cluster necessarily blossoms 
first, which was accepted by Koeper as an axion in his classical but erroneous 
definitions. 

Inflorescences of the waxwork may be found which depart from the pat¬ 
tern just described. This writer has collected several of them, now preserved 
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in the herbarium of the Arnold Arboretum. The arrangement of these in¬ 
florescences in the main is that of the bittersweet (fig. 9); that is, the flowers 
are borne in flower-clusters occupying a lateral position upon an otherwise 
freely growing branch. The leaves subtending these clusters are reduced in 
size, tending to become bracteal and mostly caducous. The buds that subtend 
the clusters are somewhat reduced and probably abortive, which is not neces¬ 
sarily the case with the bittersweet. The significance of this difference is not 
apt to be great, for the progressive abortion of apparently vegetative buds is 
of normal occurrence in the robust terminal panicles of certain Rutaceae 
(witness Phellodendron) , and may indeed be looked for in all kinds of 
floriferous axes (see fig. 13, b). One of the abnormal inflorescences of C . 
scandens collected by this writer consists of a single lateral cymule appear¬ 
ing on an otherwise perfectly sterile shoot. 

Viewed in its essentials, the racemo-cymose inflorescence of the waxwork 
( C . scandens) differs from the intercalary inflorescence of the bittersweet 
(C. orbiculata) in one respect only. In the latter the axis which bears flower- 
clusters endures as a branch throughout; in the former this axis is fully and 
finally adapted to floriferous functions. So far as macroscopical investigation 
reveals, this adaptation consists of: (1) A change in the nature and function 
of the axis supporting the flower-clusters. This axis, as noticed, is a true 
branch with normally living vegetative buds in C. orbiculata , a manifest 
rachis with abortive buds in C. scandens; in the former the formation of 
bark-tissues and secondary woody, if perhaps somewhat slowed at first, is 
ultimately unchecked; in the latter, on the contrary, this formation is ap¬ 
parently much reduced, if not actually stopped; (2) a relocation of the 
apical growing point. This point is located at the apex of the intercalary 
inflorescence in C. orbiculata , the main axis usually continuing its evolution 
in length after flower-bearing; in C. scandens , on the contrary, the growing 
point (fig. 14, b) is located under the il raceme. 7 ’ In other words and descrip¬ 
tively speaking, the stream of further growth runs through the inflorescence 
in the oriental bittersweet, but leaves it aside in the waxwork. 

THE TAXONOMIC SECTIONS OF STACHYURUS 

In a fundamental contribution on Stachyurns (Jour. Botanique 12: 253- 
255. 1898), Franchet published two sections, Callosurus and Gymnosurus f 
which he characterized as follows: Callosurus —Racemes peduncled in the 
axil of persistent leaves; Gymnosurus —Racemes sessile in the axils of leaves 
deciduous before flowering. 

The attention of this writer was invited to these characterizations by an 
investigator of Stachyurus who had found reason to suspect that Franchet’s 
sectional key could not be properly handled unless it were elucidated beyond 
the usual requirements of taxonomy. 
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The inflorescences of 8 . yunnanensis Franch. (type-species of Sect. Cal - 
losurus) and 8. chinensis Franch. (the best known species of Sect. Qymno- 
surus) revealed at a glance an intercalary tendency. In the former the later¬ 
ally borne spicate racemes are subtended by a leaf of normal shape and size 
(fig. 15); this leaf is not affected by the evolution of the inflorescence, and 
persists. In the latter, the part of the branch bearing the lateral inflorescences 
shows an incipient specialization, so that the leaves subtending these inflores¬ 
cences tend to become bracts and prove ultimately to be deciduous; this 
arrangement, of course, suggests a condition which may ultimately lead to the 
establishment of an inflorescence like that of the bittersweet (fig. 9). Under¬ 
stood with reference to what normally happens in intercalary inflorescences, 
the key of Franchet could readily be interpreted and used. This key relies at 
bottom upon tendencies rather than upon fixed characters. In Stachyurus 
there begins to appear a tendency toward the specialization of any shoot 
(“main axis” in the sense of Parkin) which happens to bear lateral inflores¬ 
cences. This shoot or portion of a shoot is in its essence a full-fledged sterile 
axis in 8. yu n nan crisis; the growth of flower-clusters upon it takes place, as 
it were, accidentally, without a definite interrelation being established be¬ 
tween the shoot and the lateral inflorescence unless it be as to position, the 
latter happening to grow upon the former. In 8. chinensis , on the contrary, 
the shoot begins to react immediately and directly to the inflorescences, its 
leaves behaving like deciduous bracts. A sequel to this evolution would be 
provided by a third species (unknown so far in 8tachyurus) in which the 
shoot should become a raeliis carrying a terminal thyrsoid inflorescence; this, 
as has been seen, being realized in Celasirus scandcns. That the tendency 
toward intercalarity is barely outlined in Stachyurus was confirmed by the 
fact that certain specimens of chinensis in the herbarium retained some 
of their leaves even under inflorescences in full fruit. Investigation of the 
herbarium material available also suggested that the age of the shoot might 
have some influence upon the retention of the leaves. This is worth noticing, 
for it may be suspected that the specialization of floriferous axes, in certain 
cases at least, is directly influenced by the degree of maturity of the wood. 
In C. orbiculata , for instance, caulocarpic short racemes appear to be more 
abundant on old stems, especially at the base of the main leaders, and in 
other genera ( Bougainvillea , Hydrolea , Poncirus , Crataegus , etc.) the wood 
of the seasonal growth bears only thorns, that is, structures which are in 
reality flowerless inflorescences. 

SOME CONSIDERATIONS ON THE EVIDENCE 

On the strength of the facts here advanced, and the conclusions which 
they suggest it may be stated that intercalarity is essential to an under¬ 
standing of all manner of inflorescences. It may be affirmed likewise that it is 
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actually impossible to construct definitions to fit every kind of inflorescence. 
The terms raceme, cyme, panicle, thyrse, and the like have a comparatively 
tenuous descriptive value which, while useful, cannot afford solid and crit¬ 
ical ground for a study of floriferous axes. This is because no real dividing- 
line can be drawn among these structures; it is a pure loss of time to argue, 
for instance, whether the inflorescence of Sabin is a “cyme” or a “raceme.” 
In this genus—one among thousands—whole axillary branches, leafy at first, 
are turned by degrees into bracteate panicles, which in their turn become 
short-peduncled eymules. Mier’s attempt to present an elaboration of the 
Winteraceae (Contr. Bot. 1: 123-144. 1861) based in the main upon the 
position and the aspect of the floriferous axes is immediately seen to be 
radically mistaken by anyone who is informed of the fact that intercalarity 
is rampant in this family. In conclusion, both the morphologist and the taxo¬ 
nomist are bound to ease their task by accepting the fact that, while it is 
necessary and proper to define the inflorescence, it is even more desirable to 
interpret it. The sterility of much so far written on the subject, the writer 
believes, is due to overemphasis of the descriptive side. It is to be feared that 
such works as the Philosophia botanica of Linnaeus and the Vermeil of 
Goethe have exerted an influence altogether out of proportion to their sci¬ 
entific value by popularizing definitions which, used in the classroom with¬ 
out due qualifications, have canalized the thought and the imagination of 
several generations of students, our own included, in a manner ultimately 
disturbing to free investigation. In the most definite sense these works are 
propaganda, for they assume as proved precisely that which stands in need 
of investigation, and stress the material shape of objects while obscuring 
their inner substance. 

The attempt recently made by Gregoire (Cellule 47: 337-339. 1938; see 
the discussion of Spiraea) to draw a sharp distinction between true bran (dies 
and floriferous axes is too dogmatic, for the differences postulated by this 
author are invalidated in fact by the presence of endless intermediates be¬ 
tween the extremes upon which his conclusions are made to rest. The inflores¬ 
cences of Celastrus, no less than those of Sabia and countless other genera of 
flowering plants, furnish visual evidence to the effect that a branch, that is, 
a permanent woody structure, can become by degrees a raehis which is a- 
temporary and subherbaceous organ. It may be suspected that permanency 
is one of the fundamental attributes of the “branch” as contrasted with 
other structures which happen to resemble it. Accordingly, the concept of 
function cannot, in this writer’s firm belief, be rejected in drawing up a 
comprehensive and true definition of a living structure. The by now secular 
quibbling as to whether an apple is ‘‘branch” or “leaf” and whether a 
carpel “leaf” or not is promptly disposed of to the greatest benefit of mor¬ 
phology and botany in general by an understanding of the fact that an apple 
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and a carpel have functions that set them aside both from “branch” and 
“leaf.” There can be no morphology without physiology. Gregoire’s attempt 
at taking a dogmatic stand on the strength of laborious microscopical studies 
which are invalidated by direct macroscopic observation suggests that a 
broad familiarity with living plants is a prerequisite of ultimate specialized 
investigation, and that the botanical garden as an adjunct to the university 
has lost none of its ancient eminence. It is accepted among mathematicians 
that the proper statement of an equation is practically tantamount to its solu¬ 
tion. It is not less true in botany that the proper choice of the material for 
investigation assures results. In voicing a criticism of certain of Gregoire’s 
conclusions, the writer is far from associating himself with those who dismiss 
the work of this investigator as hardly worthy of attention and basically 
erroneous. Gregoire’s sins of dogmaticism are less a failure of the man than 
of a school embracing both him and his detractors. A great deal of Gregoire’s 
work is worthy of careful study. 


SUMMARY 

The intercalary inflorescence is illustrated with reference to actual struc¬ 
tures in species of the Celastraeeae and Stachyuraceae, and the value of the 
concept of interealarity for an understanding of inflorescences in general is 
emphasized. The works of Parkin, Zimmermann, Gregoire and others are 
briefly noticed, and the conclusion is drawn that confusion is often made 
between the descriptive and the interpretive side of the study of flower- 
dusters. 

The Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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FLOWER FORMS AND GROUPS OF DICOTYLEDONES 1 

Alfred Gundersen 

HISTORICAL NOTES 

The terms Dieotyledones and Monocotyledones were used by John Ray in 
1703 for his subdivisions of herbaceous flowering plants. Linnaeus used these 
names only in classifying seeds. A. Laurent de Jussieu in 1789, the year of 
the French Revolution, made Acotyledones, Monocotyledones, and Dieotyle¬ 
dones his principal groups of plants; the last included conifers, while cycads 
were placed under ferns. De Candolle adopted the form Dicotyledoneae; like 
Jussieu, he began with Ranunculaeeae. ‘'As I find families where some of 
the organs become consolidated, and consequently seem to disappear. I refer 
them to a lower rank,” he wrote. Today we would say “to a higher rank.” 
De Candolle added “Let no one imagine I attach the least importance to the 
arrangement.” Brongniart introduced the names Angiospermae and Gymno- 
sperrtiae as sub-groups of Dieotyledones. Alexander Braun in 1864 made the 
great improvement of subordinating Monocotyledones and Dieotyledones 
under Angiospermae. 

Bentham had collaborated on de Candolle’s Prodromus, and the Bentham 
and Hooker sequence of families of Dieotyledones closely followed that work, 
especially in the beginning. Their Polypetalae (1862-67) included three 
series with “cohorts” as follows: 

I— Ranales, Parietales (inch Cistus and Papaver ), Polygalinae, Caryo- 
phyllinae (inel. Frankenia and Dianthus but not Ghenopodium) , Guttif- 
erales, Malvales. 

II— Geraniales, Olacales (incl. Ilex), Celastrales, Sapindales. 

III— Rosales, Myrtales, Passiflorales (inch Cucurbita), Ficoidales (inch 
Cactus and Mesembryanthemum) , and Umbellales. Polypetalae were fol¬ 
lowed by Gamopetalae and Monochlamydeae (inch Euphorbia ). 

Eichler’s Bliitendiagramme was completed in 1878; he began dicoty¬ 
ledons with apetalous groups. His arrangement was approximately fol¬ 
lowed by Engler. The orders in the Engler-Diels Syllabus of 1936 are: 

Nineteen apetalous orders, then Centrospermae (inch Mesembryanthe - 
mum and Dianthus), then Ranales, Rhoeadales (inch Papaver), Sarraeeni- 
ales, Rosales, Pandales, Geraniales (inch Euphorbia ), Sapindales, Rham- 
nales,. Malvales, Parietales (inch Cistus, Frankenia and Passiflora), 
Opuntiales, Myrtiflorae, and Umbelliflorae, followed by Sympetalae (inch 
C ucurbita ). 

3 Brooklyn Botanic Garden Contribution No. 98. 

The plates are published at the expense of the author. 
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Bentham and Hooker placed apetalous forms at the end, Engler at the 
beginning; perhaps an intermediate position may be better. Bentham and 
Hooker had Dianthus near Frankenia, Engler placed it near Chenopodium; 
possibly both connections may be right. Earlier botanists had Cistus and 
Papaver near together, but Engler placed them far apart; various recent 
systems have preferred the earlier arrangement. 

Hallier emphasized the importance of considering all characters. Bcssey, 
Warming, Wettstein, Hutchinson, and many others have made important 
suggestions. 

Kendle’s modification (1925) of the Engler system returns in various 
respects to the Bentham-Hooker arrangement. For example, Papaver and 
Cistus are near together; likewise Cactus and Mescmbryanthemum, Rosa 
and Myrtus, Passiflora and Cucurbit a. 

Burtt-Davy (1937) considered it desirable to have a system in which 
orders are arranged into larger groups. His three subclasses, I. Amentiferae, 
II. Polysteinonae, III. Oligostemonae, are divided into divisions, subdi¬ 
visions, cohorts, and orders. lie begins with Garrya, Lcitneria, and Jnylons. 

DIRECTIONS OF EVOLUTION 

Lotsy in 1911 wrote that so long as we do not know the origin of angio- 
sperms a phylogenetic arrangement of the dicotyledons cannot be thought 
of. But according to Darrah (1939) the origin of the flowering plants is no 
longer “an abominable mystery,” as Darwin had said, but rather an ab¬ 
sorbing problem with many new facts at hand. H. F. Copeland wrote in 
1940: “When a group is assigned to its true place, it becomes inextricable: 
every character studied increases the certainty of the assignment. Within a 
decade or two there should be few families left to be placd by guess.” 

We present herewith an outline of possible directions of evolution in 
dicotyledons; the numbers in parentheses refer to the note's which follow\ 

Vegetative Parts: Stem from woody to herbaceous. Vessels from scalari- 
form to pitted (1). Leaves from evergreen to deciduous. Leaf venation from 
palmate to pinnate (?). 

Inflorescence and Flowers: From solitary flowers to dense clusters. 
From large flowers to small. From convex receptacle to concave. 

Sepals and Petals: From parts alike to different. From many parts to 
few. From separate to united (2). From spiral arrangement to cyclic (3). 
From regular to irregular. 

Stamens: From many to few. From clustered or many to few (4). From 
hypogynous to epipetalous. Filament from broad to narrow. Connective 
from projecting to not projecting (5). 
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Carpels: From many to few (6). From separate to united. From ovary 
superior to inferior (7). Style from absent to present. Placentation from 
basal or parietal to apical, axile, or central (8). 

Ovules and Seeds: Ovules from few to many, or to one (9). Endosperm 
from present to absent. Embryo from straight to curved. Seedcoats from 
two to one. 

(1) Chalk in 1937 listed 35 families with some genera having vessels with 
scalariform pits; on the present charts 29 Cretaceous families are marked; 
ten of these are the same, namely: Magnoliaceae, Lauraceae, Hamamelida- 
ceae, Platanaceae, Betulaceae, Fagaceae, Theaceae, Celastraceae, Cornaceae, 
and Caprifoliaceae. It seems certain that a great diversity of flower struc¬ 
tures must have had a long history. (2) A majority of dicotyledons have 
separate petals; separate sepals are the exception and occur chiefly iu the 
Magnolia, Cistus, and Papaver groups. (3) Sprague (1925) expresses a dif¬ 
ferent idea. (4) Wilson (1942) points out that the clustered stamens, as in 
Tiliaceae, Hypericaceae, Mvrtaceae, etc., may be the remains of former 
staminate branches. (5) Several conifers, Drimys, Talumna, Platanus, some 
Euphorbiaceae, Viola, Asarum, and also Artemisia, have a projecting con¬ 
nective; the spore-bearing part of Ophioglossum seems suggestive. (6) In 
cyclic flowers and especially in flowers in dense clusters there is not room for 
many carpels. (7) The close connections of Rosales to Myrtales, early fossils 
of Myrtaceae, Cornaceae, and Caprifoliaceae, also the otherwise primitive 
characters of flowers of Caetaceae, tend to reduce the importance of the char¬ 
acter of an inferior ovary in classification. (8) Flowers with axile placenta¬ 
tion often have parietal placentation in the bud. (9) Robinson (1904) ex¬ 
plains polyspermy as a entomophilous character, while a single ovule often 
characterizes wind-pollinated plants. 

GROUPS OF DIOOTYLEDONES (PLATE 3) 

According to Wernham (1913) and many others “Sympetalae should 
not exist as a separate group in a natural system of classification.” This ap¬ 
plies in all probability also to divisions such as Woody vs. Herbaceous 
Dicotyledones, or to Axis-flowers vs. Cup-flowers, or to Polystemonae vs. 
Oligostemonae. Smaller groups seem more likely to lead toward a natural 
classification. A number of links between families may be noted : Cist'aceae—» 
Papaveraceae, Caetaceae, —» Aizoaceae, Frankeniaceae —» Caryophyllaceae, 
Passifloraceae—»Cucurbitaceae—»Aristolochiaceae, Hamamelidaceae—>Betu¬ 
laceae, Hamamelidaceae —> Cornaceae, Euphorbiaceae Menispermaeeae, 
Theaceae —► Cyrillaceae —» Ericaceae. 

Linnaeus in his Philosophia Botanica (1751) said that plant affinities 
spread out like regions on a map. At least three dimensions would seem to 
be necessary to indicate relationships, one for time. De Candolle said dia¬ 
grams are good to explain an opinion, bad when taken as facts. Chamberlain 
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said a diagram is very definite, often too definite, it represents a guess at real 
relationships. Many diagrams of the plant world or of flowering plants have 
been made, for example by Giseke in 1792, by Augier in 1801, by Engler in 
1897, several by Wettstein, by Bessey in 1914, by Hutchinson and by Mez in 
1926, and by Tippo in 1938. 

The present tentative charts and outline may be considered as a some¬ 
what modified form of Rendle’s arrangement, in part intermediate between 
the Bentham-IIooker and the Engler systems. But we take from Hallier, 
Bessey, Hutchinson, Eames and others the Magnolia group as the most 
satisfactory beginning. That need not mean it must be ancestral to all other 
groups. 

A. Magnolia Group (Five Orders). 

Flowers often large, parts separate, spiral arrangement frequent, sta¬ 
mens usually many, carpels often many and separate, or single. 

Perianth parts separate. 

Magnoliales: Magnol (Magnolia pamflora), Calycan (Calycanfhns flori- 
dus ), Men is (Mcnispermnni dahuricnrn ), Laura c (Benzoin aestivate). 

Ranales: Nymph (Nymphaca eandida), Ranun (Trollins lajrns ). 

Sepals united. 

Rosales (carpels separate) : Rosac (Potentilia alba). 

Hamamelidales (carpels partly separate) : ilamam (Liqnidambar styraci- 
flna). Platan (Plata nits oriental is). 

Leguminosae (carpel single, fruit a legume) : Legum (Cliloria ternatea). 

B. Betula or Ulmus Group. 

Trees or shrubs, flowers small, apetalous, sexes usually separate, stamens 
often in catkins, mostly wind pollination, carpels united or single, seeds 
usually few or one to each flower, long interval between pollination and 
fertilization, ehalazagamy frequent. Wind-pollination is now in general not 
effective among tin* diversity of tropical vegetation, but may have been so in 
former ages with probably less diversity of forms. Classification not satisfac¬ 
tory. 

Urticales: Morac (Bronssonetia papyrifera). 

Fagales (inch Casnarma?) : Betul (Betula papyrifera ), Fagac (Castanea 
moll issi ma ). 

Juglandales (inch Myriea and Juliania , all near Sapindales?) : Juglan 
(Juglans Sieboldiana). 

Proteales, Santalales (?). 

C. Cistus Group. 

Spiral or imbricate arrangement frequent, sepals usually separate, sta¬ 
mens often many, placentae usually parietal, that is, separate, endosperm 
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usually present, aril frequent, seeds usually many to each flower. 

Placentation mostly parietal. 

Cactales (incl. Aizoaeeae with mostly axile plaeentation) : 

Caetac (Opuntia stricta ), Aizo (Mesembryanthemum cordifolium). 
Salieales: Salic (Salix Caprea). 

Cistales: Cistac (Helianthemum canum ), Tamar (Tamarix pentandra ), 
Franken (Frankenia Jamesii). 

Papaverales (mostly herbaceous, more specialized than Cistales). 
Passiflorales (stamens and ovules few, incl. Cucurbita) : Passif ( Pastsi - 
flora alato-caerulea ). 

Plaeentation axile. 

Theales: Theac (Franklinia altamaha). 

Aristolochiales: Arist (Asarum canadensc). 

Sarraceniales, near Aristolochia according* to MacFarlane (1908). 

I)—I. Sepals usually united, plaeentation mostly axile. 

D. Malva Group. 

Hairs often stellate, stamens often in bundles, each carpel often one- 
seeded, fertilization endotropie (?), endosperm abundant. 

Malvales: Tiliac (Tilia tomentosa ), Stercul (Thcobroma Cacao). 
Euphorbiales (which families?) : Eupliorb (Phyllanthus spcciosus). 

E. Geranium Group. 

Stamens mostly in two whorls, hypogynons, disk frequent. 

Eutales (Nearly all Avoodv plants, lvs. compound, oil glands) : Rutac 
(Ruta gravcolcns ). 

Celastrales (FIs small, often 4 ptd, stamens in one whorl): (Vlast 
(Ea onymits yedoe nsis ). 

Sapindales (characters?): Sapin (Koclrcvtcna paniculata). 

Geraniales (mostly herbaceous, incl. Balsaminaceae). 

F. Myrtus Group. 

Calyx lobes often very small, ovary inferior. 

Myrtales: Myrtac (Myrtus communis ), Onag (Fuchsia speciosa). 
Umbellales: Cornac (Cornus mas ). 

Garryales ? 

G. Dianthus Group. 

Mostly herbaceous plants, stem with vascular bundles usually scattered, 
flowers mostly apetalous, plaeentation ceritral or basal, embryo often curved. 
Caryophyllales: Caryo (Cerastinm arvense ), Portul (Portulaca grandi- 
fl,ora), 

Polygonales, Chenopodiales: Ainaran (Deeringia celosioijdcs ), and per¬ 
haps Piperales. 
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GROUPS OF DICOTYLEDONES (PLATE 4) 

Plate 4 Correction: Underline Symploe, Apocyn, Rubiae (Cretaceous). 

Parts of C, E, G: the following mostly sympetalous, two staminate 
whorls, earpels more than two. 

C. Cistus Group. 

Cist ales: Fouquier (Fouqnieria splendcns). 

Passiflorales : Carieac ( Carica Papaya), Cueurb ( Fecillea trilobaia). 

Ebenales: Ebenae (Diospyros Virginia na), Sapotac (Achras Sapota), 
Symploe (Symploe os tmetoria). 

E. Geranium Group. 

Erieales: Cleth (Clethra ulnifolia), Diapen (Short ia galacifolia), 
Epaerid ( Epacris obtusifoha), Erie ( Erica cinrrca ), Vaeein (Vac- 
ci)i iu in corym bosu m ). 

G. Dianthus Group. 

Primulales: Plumbag (Acantholimon glumaccum) , PrimuL ( Primula 
obconica ), Theophr (Theophrasta Jussieui). 

Plantaginales (?) : Plantag (Plantago lanceolata), 

II—I. Flowers sympetalous, staminate whorl single, earpels mostly two 

H. Fraxinus Group. 

Many herbaceous, As often zygomorphie, stamens epipetalous, ovary 
superior. 

(tentianales: Apoeyn (Xerium oleander ), Aselep ( Periploea graeca ), 
Gentian {Uniliana macrophylla ), Logan ( Buddleia officinalis ), Oleae 
(Fors y fin a i n t erm edw). 

Solanales: Solanae (Solatium Dulcamara), Convolv (Ipomoea tricolor ), 
Gesner (Samtpaulia ionantha), Scrophul (Antirrhinum majus), 
Aeantli (Acanthus montanus). 

Verbenales: Borrag (Myosotis alpcsiris), Labiat (Iboza riparia ), Pole- 
moii (Phlox paniculata). 

I. Rubia Group. 

Flowers mostly small, in dense clusters, ovary inferior. 

Rubiales (many characters like Umbellales) : Rubiae (Pentas carnea ), 
Dipsae (Scabiosa caucasica ). 

Campanulales (flowers often large, flive carpels) : Campan (Campanula 
rotu ndifolia ) , Brunon (Bru non ia a astral is ) , Gooden (Goodcnia 
ovata). Classification not satisfactory. 

Asterales: Compos (Senecio fulgens ). 
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SUMMARY 

This paper presents a number of problems regarding evolutionary trends 
in the Dicotyledones. The flower structures illustrated show facts; their 
arrangement ideas. As Sprague (1925) says, “until the orders themselves 
have been placed on a synthetic basis, no great progress can be made in the 
circumscription of the higher natural groups.” 

I wish to express my appreciation to Dr. R. W. Chaney, University of 
California, for information about fossil plants, and to Miss Maud H. Purdy, 
staff artist of the Brooklyn Botanic Garden, for the illustrations, nearly all 
of which were made from living plants. 

For a comprehensive list of references see Turrill, W. B. Taxonomy and 
phylogenv. Part III. Bot. Rev. 8: 655-707. 1942. 

Brooklyn Botanic Garden 
Brooklyn, New York 
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DESCRIPTIONS OF TROPICAL RUSTS—VI 1 

George B. Cummins 

The Urediuales reported in this paper were collected, for the most part, 
by Mrs. Mary Strong Clemens in New Guinea and by C. G. Hansford in 
Uganda. The type specimens are deposited in the Arthur Herbarium. Speci¬ 
mens collected by Hansford and by Nat trass are also in the Herbarium ol* the 
Imperial Mycologieal Institute. 

Aecidium hansfordii Cummins, sp. nov. (fig. 4). Pycniis epiphyllis, 
copiosis, subepidermalibus, leuticularis, 200-300 p latis, 100-150 jj altis, sine 
para])hvsibus. Aeciis hypophyllis, subepidermalibus, in maculis flavo- 
brunneis usque ad 3 cm. diam. plus minusve dense aggregatis, cupidatis, 
0.15 0.25 mm. diam., margine recurvato; cellulis peridii cuboideis, ellip- 
soideis vel oblongis, 12—18 / 18-29 p, pariete iuteriore minuteque verrucoso 
3 \\ cr., exteriore levi 1.5 2 \\ cr.; aeciosporae globoideae, ellipsoideae vel 
oblongo-ellipsoideae, 12-17 > 10-20 (-23) p; membrana hyalina, minuteque 
verruculosa, 1 u cr. 

On Plcctronta (Canthium) r u hjaris, Uganda : Entebbe Road, July 1939, 
C. G. Hansford 2fN6, November 1940, C. G. Hansford 2.9,2> (type). 

The pycnia of this species are of striking ap])earance in section and ap¬ 
pear as if stained, with the hymenial layer golden, the mass of spernuitia 
paler, and with a clear golden-brown layer just beneath the epidermis. This 
layer is homogeneous, ’with much the color and appearance of resin and ap¬ 
pears to be a solidified exudate of some kind. 

A. hansfordu differs from A. pleclroniicola P. Ilenn. and A. incom - 
parabdc Nyd. because of the presence of pycnia and because of smaller 
aeciospores. A. incomparabilc is also distinct because it causes marked hyper¬ 
trophy. Other species described on Plcctronia have the walls of the aecio- 
spores thickened apicalIv. 

Aecidium iiypoestik Nyd., on Pcristrophc sp. ( aff . hiralns ), New 
Guinea : Morobe: Markham valley, Kajabit Mission, Sept. 11, 1939, Clnnnis 
10690. 

Dr E. I). Merrill determined the host (sterile) as follows: “ Acanthaceae ! 
and I think Pcristrophr sp. aff. P. hiralns (L.) Men*. The only other 
possibility is Hifpo(stcs sp. but 1 think not.” 

The aecia of A. hypocst is are described (Ann. Mvc. 29: 175. 1931) as 
“aecidia pycnidia circulariter circumdantia.” This is true of the smaller 
spots in the Clemens * collection but in older infections the aecia lack any 
regularity of arrangement and occur in loose groups with a diameter of as 
much as 1.5 cm. The pycnia mainly occur on the under side of the leaf, which 
is also true of Svdow’s species. There appear to be no differences micro¬ 
scopically. 

3 Journal Paper Number 77, of the Purdue University Agricultural Experiment Sta¬ 
tion. Contribution from tho Department of Botany. The fifth article of this series was 
published in Bull. Torrey Club 70: 68-81. 1943. 
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A. hypoestis was described on H. cumingiana and JET. floribunda from 
Ilocos Sur Prov., Narvacan, Philippine Islands and has not been reported 
from other regions. 

Aecidium magnipycnium Cummins, sp. nov. Pycniis paucis, epiphyllis, 
profunde immersis, rufo-brunneis, 125-160p latis, 250-350 |j altis. Aeciis 
hypophyllis, in maculis flavidis usque ad 8 mm. diam. plus minusve laxe 
aggregatis, cupulatis vel breviter cvlindraceis, albidis vel pallide flavidis, 
margine erosis, 0.2 mm. diam., profunde immersis; cellulis peridii oblongo- 
ellipsoideis, 15-22 x 26-40 p, pariete exteriore minuteque striato 2.5-3 p, 
interiore plus minusve grosseque rugoso 3 p er.; aeciosporae ellipsoideae vel 
late ellipsoideae, 15-23 x 23-30 |j; mcmbrana 1-1.5 p cr. vel ad apieem 2-3 p 
cr., hyalina, verrucosa. 

On Clematis sp. probably papuasica var. pubescent. New Guinea: 
Morobe: Sattelberg, Nov. 24, 1935, Clemens 964 , Dec. 19, 1935, Clemens s.n., 
Mar. 4, 1936, Clemens 1964a, Mar. 13, 1936, Clemens s.n.; Yunzaing, June 
29, 1936, Clemens s.n. (type), July 16, 1936, Clemens .4644, Aug. 14, 1936, 
Clemens 3874; Amieng, Maj 7 8, 1941, Clemens 12157. 

This species has characteristic long narrow pycnia which arise deep 
within the mesophyll, usually adjacent to the vascular elements, and extend 
upward to the upper epidermis. In color they are reddish brown and usually 
appear as if parasitized or abortive. The aeeia are deep-seated also, arising 
just beneath the palisade layer. Not uncommonly they develop in the old 
pycnia and then extend almost completely through the leaf. The walls of the 
aeciospores are usually slightly thicker apically but this is variable. 

Because of the apically thickened spores, the deep-seated sori, and es¬ 
pecially the large pycnia A. magnipycnium appears not to be closely related 
to any rust described on Clematis. 

Aecidium mprobense Cummins, sp. nov. Pycnia amphigena, subepi- 
dermalia, conica, 100-150 p diam., paraphysata. Aeeia epiphvlla, profunde 
immersa, non vel vix exserta, 150-250 p diam., flavo-brunnea, in maculis 
rufo-brunneis leniter incrassatis usque ad 1.5 cm. diam. aggregata; cellulis 
peridii ellipsoideis 15-20 > 40-55 p, mcmbrana ubique 1.5-2 p cr., levi; 
aeciosporae variabiles, praecique oblongae vel oblongo-ellipsoid(»ae, ad api- 
cem rotundatae, truncatae vel acuminatae, 15-26 v 35-56 p ; mcmbrana flavo- 
brunnea 1.5-2 p cr., ad apieem et basim 5-10 p cr. et subhyalina, moderate 
verrucosa. 

On Elacocarpus sp.. New Guinea: Morobe: Yunzaing, Aug. 15, 1936, 
Cle m e ns 3885 ( type ). 

This species is maeroseopically similar to Aecidium elaeocarpicola Cum¬ 
mins but the apically thickened spores are quite different and more like those 
described for A. puspa Ilacib. and A. elaeocarpi Racib. There is no lateral 
adherence into horizontal strata such as noted for A. elaeocarpi by both 
Raciborski (Bull. Acad. Sci. Cracovie CL Sci. Math. Nat. 1909: 276) and 
Cummins (Mycologia 33: 388. 1941). The spores are also less regularly ob¬ 
long, somewhat shorter, and the peridial cells are smooth. The pycnia are 
similar in all of these species and all cause hypertrophy of the host, but this 
is less pronounced in A. morobense and A. elaeocarpicola than in A. puspa 
and A. elaeocarpi. 
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There are spots on one leaf which appear to be old telia and structures 
were found which are probably teliospores. They measure approximately 
19-21 x 50-62 p, are ellipsoid, hyaline, and uniformly thin-walled. Unfortu¬ 
nately, I was unable, even in sections, to be sure that these were teliospores. 
If they are, as I suspect, then this species and P. puspa Racib. {A. puspa) 
probably have similar teliospores, although the telia of P. puspa occur in 
concentric rings rather than solitary. 

Aecidium papuasicum Cummins, sp. nov. Pvcniis perpaucis, epiphyllis, 
prof unde immersis, aureis, 130-180 p latis, 175-200 p altis. Aeciis hypo- 
jihyllis, in maculis flavo-brunneis usque ad 1 cm. diarn. laxe aggregatis, 
cupulatis, flavidis, profunde immersis, 225-375 p diam., margine erosis; 
cellulis peridii oblongis vel ellipsoideis, 18-23 x 26-40 p ; pariete interiore 
moderate rugoso 2.5-3 p cr., exteriore minuteque striato vel fere levibus 
3-3.5 p er. ; aeciosporae globoideae vel late ellipsoideae, 14-19 x 18-23 p ; 
membrana 1 p cr., liyalina vel pallide flavida, minuteque verruculosa. 

On Clematis sp. probably papuasica , New Guinea: Morobe: between 
Wareo and Sattelberg, Feb. 7-8, 1936, Clemens 1197a; Quembung, Mar. 2, 
1936, Clemens 20H3 (type). 

A. papuasicum has deep-seated sori much as A. maijnipynuum but the 
pyonia are somewhat smaller and more nearly globoid, the aeciospores 
smaller, and the spore wall uniformly thin. Maeroscopically, the aecia are 
yellowish and bear some resemblance to the aecia of Puccinia clavata Syd. In 
P. clavata , however, the sori are not as deep-seated and the pvenia average 
only about 75 p high and 125 p wide. 

Aecidium rutideae Cummins, sp. nov. Pvcniis conspicuis, epiphyllis, 
subepidermalibus, lentieularis, 250-350 p latis, 75-125 p altis, sine para- 
])hysibus. Aeciis hypopliyllis, in maculis flavo-brunneis usque ad 2 cm. diam. 
plus minusve laxe aggregates, cupulatis, margine recurvato, lacerato; cellulis 
peridii oblongis vel oblongo-ellipsoideis, 14 19 30-40 p; pariete exteriore 

2.5 3p cr. levi, interiore 3-4 p cr. moderate verrucoso; aeciosporae glo¬ 
boideae, ellipsoideae vel oblongo-ellipsoideae, 15-23 » 20-26 p; membrana 1 p 
cr., ad apicem 3 -9 p cr., liyalina, verruculosa. 

On Ratified rujipilts , Uganda: Entebbe Road, August 1940, C. G. Hans¬ 
ford 2/' S ~> (type). 

This Aecidium , the first described on the genus Rutidea , is characteristic 
because of the apieally thickened walls of the aeciospores. 

Arthuria Columbiana (Kern & AVhetzel) Cummins, comb. nov. (fig. 1). 
Phakopsora Columbiana Kern & Whetzel. Jour. Dept. Agr. Puerto Rico 14: 
304. 1930. 

A recent careful study of material of this species in the Arthur Her¬ 
barium has revealed that the urediospores are borne in chains separated by 
distinct intercalary cells. The rust is not, therefore, a Phakopsora and must 
be transferred to the genus Arthuria as the second known species. The type 
species, A. catenulata Jacks. & Holw., which also parasitizes species of 
Croton , has been reported (see Jackson, Mycologia 33: 464. 1931) only from 
Brazil. 
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The two species are much alike but can be distinguished without diffi¬ 
culty in either the uredial or telial stages. In A. catenulata the teliospores 
(fig. 2) measure (18-) 20-26 x 24-35 (-40) jj while in A. Columbiana (fig. 1) 
they measure (18-) 20-27x33-48 (-52) p. Kern and Whetzel originally 
published the size of the urediospores of A. Columbiana as 23-27 x 26-31 p 
but Kern and Thurston (Mycologia 32: 624. 1940) later increased the 



Flu. 1. Two chains of teliospores (stained) of Arthurta columbiana; the spores are colorless. 
Note that they are larger than in A. catenulata. (From type.) x 800. Fig. 2. Two chains of telio¬ 
spores (stained) of Artliuria catenulata; the spores are colorless. (From type.) x 800. Fig. 3. 
Cerotelium dacdaloides ; surface view of a leaf showing the characteristic, hibyr^nthiform ar¬ 
rangement of the telia. The whitish lines are the telia, the dark areas are leaf surface. (From 
type.) xlOO. Fig. 4. Freehand, unstained section of a pyenium of Arcidium hansfordiL The 
clear layer just beneath the epidermis is composed of a homogeneous, golden-brown, resin-like 
substance. (From type.) x 225. Fig. 5. Freehand, unstained section of a telittm of PhaTcopsnra 
hansfordiL (From type.) x 800. 
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measurements to 24-32 x 29-42 q. The urediospores in both species are 
variable and 1 would give the sizes for A. catenulata as 18-25 x 25-35 p and 
A. Columbiana as (19-) 22-28 (-32) x (26-) 28-38 (-42) M . There is no 
great difference in size but the walls of the urediospores in A. catenulata are 
only 2-3 p thick while in A. calumbiana they are 3-5 p and much more 
coarsely aculeate. The pores are obscure in both species but are definitely 
scattered in A. catenulata and six or seven in number. 

Thus far A. Columbiana is known only on Croton yossypifalius from Co¬ 
lombia and Trinidad. The species was issued, in the uredial stage and under 
the name Ph ak ops or a crotonis 9 in Reliquiae Farlowianae No. 679. 

Bubakia crotonis (Cooke) Arth. (fig. 7). On October 14, 1941 telia w T ere 
collected on Croton monanthoyynus near Paoli, Indiana and overwintered at 
Lafayette. Seeds, collected at the same time, were used to grow plants in the 
greenhouse. Since early spring attempts to germinate the teliospores were 
negatixe the plants were transplanted to the garden in May and mulched 
with the telial material. Pyenia appeared on June 5, 1942 followed by 
uredinoid aecia on June 10, thus proving the species to be autoecious. 

The pyenia are subcuticular, hemispherical or conical, 80-150 p in diame¬ 
ter, with a delicate peridium whose apical cells become elongated and par¬ 
tially free but are not extruded as ostiolar filaments. The hymenial layer is 
flat. The aecia arc uredinoid, subepidermal, without peridium or paraphyses, 
brownish, pulverulent, 0.2-0.7 mm. in diameter; the aeciospores are like the 
urediospores of the species. 

While the life cycle of a species of Bubakia has not been completed pre¬ 
viously by experimentation, Jackson (Mycologia 23: 466. 1931) has described 
pyenia and uredinoid aecia for B. aryentinensis (Speg.) Jacks. & IIolw. on 
Croton hirtus from Brazil. Later, Cummins (Mycologia 32: 370. 1940) also 
recorded pyenia and uredinoid aecia for B. clireUae (Hirats ) S. Ito on 
Ehrctia sp. from New’ (lumen. 

The plants used in the experiment reported above were lelt until October 
14, and uredia followed by telia resulted from infection by the aeciospores. 
Sections of the telia (tig. 7) prove that the teliospores are not eatenulate but 
are formed by the enlargement of the individual units of a cellular tissue 
which underlies the sorus. At first the long axis of the developing spores is 
horizontal but in cont'lined giowth becomes vertical, so that the mature 
spores are higher than wide. As additional spores are produced they are 
pushed upward from the base of the sorus, or inward from the sides, and 
tend to be wedged between the overlying spores. A generally similar de¬ 
velopment w T as described (Bull. Torrey Club 67: 69. 1940) for B. cryihroxy- 
lonis (Graz.) Cummins and is probably characteristic for the genus. 

Cerotelium daedaloides Cummins, sp. nov. (fig. 3). Pvcniis, aeciis et 
urediis ignotis, verisimilker nullis. Teliis hypophyllis, subepidermalibus, 
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erumpentibus, in maculis flavo-brunneis plus ininusve indeterminatis usque 
ad 6 cm. longis dense aggregates, labyrinthiformiter confluentibus, cinereo- 
albidis, minutis; teliosporis 4-6 superpositis, lateraliter conjunctis, plus 
minusve cuboideis, 7-9 x 9-13 p; membrana ubique 0.5 p or., hyalina, poris 
germinationis verisirniliter nullis, statim germinantes ad apicem in pro- 
mycelium typieum ; basidiosporae ellipsoideae, 3-4 x 5-6 p. 

On Clerodendron sp. aff. bucholtzii, Uganda: Entebbe Road, November 
1940, C. G. Hansford 2917; on Clerodendron sp., Entebbe Road, December 
1940, C. G. Hansford 2939 (type). 

This is an interesting species of uncertain relationship. The sori are in¬ 
itiated beneath the epidermis but early become exposed. Individually they 
are minute and so densely crowded that the infected spots appear to be 
uniformly covered with a whitish bloom. Moderate magnification (fig. 3) 
reveals, however, that the sori are irregularly confluent in a labyrinthiform 
pattern with somewhat the aspect of the pore surface of a Dacdaha. The 
lines of sori are somewhat feltv due to the abundance of basidia, which are 
formed by the apical growth of the walls of the teliospores. The basidia are 
four-celled, measure about 8 v 20 p, and produce four very small basidio- 
spores on short sterigmata. 

The species is probably microcyclic and is perhaps best referred to 
Cerotelium, a genus in which microcyclic species have not been recorded. In 
Cerotelhim the teliospores are in more definite chains than seems to be true 
in this rust. The same is true of Chrysomyjra , a genus usually considered to 
be restricted to ericaceous hosts. Moreover, the teliospores, basidia, and 
basidiospores are smaller in C. daedaloides than in Chrgsomgxa and there is 
no indication that the telia are waxy in character. In section the telia appear 
much like those of C. morobeanum Cummins (Mycologia 33: 145. 1941, fig. 
1), on Derris , and the teliospores are of the same size but the sori are of 
entirely different arrangement and gross appearance. 

* Hemileia harunganae Cummins, sp. nov. Pycniis, aeciis'et teliis ndhuc 
ignotis. Urediis hypophyllis, sparsis vel laxe aggregates, pallide flavidis, 
minutissimis, per stomata erumpentibus; urediosporae ellipsoideae vel 
globoideae, 16-23 x 19-25 p; membrana 1.5-2 p cr., pallide flavida vel fere 
hyalina, denseque echinulata; poris germ, obscuris. 

On Harungana ( Ilaronga) mad ago sear i e ns is, Uganda: Kawanda, August 
1940, C. G. Hansford 2803 (type). 

This is the first record of a species of Hemileia on Ilypericineae. 

Hemileia rutideae Cummins, sp. nov. Pycniis et aeciis incertis. Urediis 
hypophyllis, partes foliorum plus minusYe dense obtegentibus vel sparsis, 
mimttissimis, flavidis, per stomata erumpentibus; urediosporis in apice 
liypharum fasciculatim erumpentium ortis, plus minusve reniformis, 19- 
23 x 26-35 p; membrana hyalina vel pallide flavida, in parte superiore 2-3 p 
cr. moderate aculeata (1.5-3 p), inferiore 1.5 p cr. frequenter fere levibus; 
poris germ, obscuris. Teliis adhuc ignotis. 
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On Rutidca rnfipiiis, Uganda: Entebbe lioad, November 1940, C. G. 
Hansford 29IT) (type). 

There are remnants ol* old aecial infections on two leaves of this collec¬ 
tion. These may have been caused by Aecidinm rutuleac, which was collected 
on the same host in this locality. 

Phakopsora hansfordii Cummins, sp. nov. (figs. 5, 6). Pvcniis et aeoiis 
ignotis. TJrediis hypophyllis, sparsis vel laxe aggregatis, rotuiulatis, 75-175 p 
diam., pallide brunneis, subepidermalibus; paraphysibus periphericis, 
copiosis, incurvatis, plus minusve davatis, 10-14 x 23-55 p, lumine nullo vel 
subnullo; urediosporae obovoideae vel ellipsoideae, 15-19 x 23-30 p ; mom- 
brana 1-1.5 p cr., minuteque echinulata, flavo-brunnea vel pallide cin- 
namomea; poris germ, obscuris. Teliis hypophyllis, in maculis flavidis vel 
brunneis laxe aggregatis vel sparsis, rotundatis vel irregularibus, 0.1-0.5 
mm. longis, subepidermalibus, indehiscentibus, atro-brunneis; teliosporis 
2-6 su]>erpositis, oblongis, cuboideis vel plus minusve ellipsoideis, 8-18 x 14- 
23 p ; membrana ubique 1 p crassa, aureo-brunnea. 

On Alcornca cord (folia, Uganda: Kawanda, March 1940, C. G. Hansford 
2~>61 (tyre). 

The uredial paraphyses (fig. (i) provide the distinguishing feature of this 
species. They are composed of a short, thin-walled stalk and an irregular 
club-like upper portion which appears to be solid. This upper portion is 
highly refracti\e to light, when mounted in water, and appears as it might 
if densely filled with protoplasm. When mounted in glycerine-alcohol the 
upper portion loses its refractive appearance. Macroscopically, the para- 
pliyses appear as a whitish ring about the sorus. 

The uredla and telia both develop directly below the epidermis from a 
flat sporogenons layer and do not extend into the mesophyll. 

Phakopsora meiuomiae Arth., on Desmodinm sp.. New Guinea: Morobe: 
Malalo Mission, May 25-27, 1936, Clemens ,71 Ha, Ainieng. Feb. 14, 1941, 
Cl< nu ns 1 tHS7; on Vraria lagopodioidis , Kajabit, Aug. 2, 1939, Clemens s.n. 

This species has not been recorded for New Guinea previously, although 
reported from the Philippines. The collection on Urana is referred here 
tentatively since the uredia are like those of P. mctbomiac. Species of Prana 
have not been reported as hosts for species of the Uredinales. 

Phakopsora vignae (Pres.) Arth., on Phaseohis Innalns , New Guinea: 
Morobe: P>oana, May 23, 1940, Clemens s.n. 

Although Hiralsuka (Hot. Mag Tokyo 49: 786. 1935) treats this rust as 
a synonym of P. pachyrhizi Xyd. I have pointed out recently (Hull. Torrev 
Club 70: 73 1943) that there is some evidence that this may not be correct. 
P. pachyrhizi has been reported from New Guinea on Martina but this is the 
first account of the occurrence of P. vignae. Telia are not present in either 
specimen. 

PurciNi a (iouANiAE-TiLiAEFOLiAE Syd., on Gonanta cf. jantnico . New 
Guinea: Morobe: Boana, Oct. 8, 1940, Clemens s.v. 

This species, described from the Philippines, has not been recorded as 
occurring in New Guinea. 

Puccinia hansfordiana Cummins, sp. nov. (fig. 11). Pvcniis et aeciis 
ignotis. Urediis amphigenis, subepidermalibus, sparsis, obscure cinnaiiiomeis. 
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pulverulentis, rotundatis, 0.2-0.5 mm. diam.; urediosporae late ellipsoideae 
vel ellipsoideae, 23-26x28-38 g ; membrana 1.5-2 jj cr., einnamomeo- 
brunnea, moderate echinvdata; poris germ. 3, aequatorialibus. Teliis urediis 
conformibus sed pulvinatis; teliosporae ellipsoideae vel oblongo-ellipsoideae, 
utrinque rotmidatae vel deorsum leuiter attenuatae, medio leniter con- 
strictae, 25-31 x 43-56 p; membrana 1.5-2 p cr., ad apicem 4-6 p cr., 
castaneo-brunnea, levi, poro snperiore apicali, infcriore juxta septum sito; 
pedicello sporam aequante vel breviore, semipersistenti, hyalino. 

On Senccio dcnticulatus , Uganda: Kachwekano Farm, Kigezi, August 
1937, 0. G. Hansford 2227 (type). 

This rust has a general resemblance to Puccinia senecionicola Arth. but 
the apical walls of the teliospores of P. hansfordiana are thinner, the thicken¬ 
ing being in the nature of a semihyaline, differentiated, unbonate cap, and 
the urediospores have three rather than two pores. Uredo senecionicola Jacks. 
& Holw., described from Ecuador, has similar urediospores but is probably 
not synonymous. 

Puccinia oahuensis E. & E., Bull. Torrcy Club 22: 435. 1895 (figs. 9, 
10). (IJrcdo digitariaecola Thiim., Myc. TJniv. No. 2041. 1882; Puccinia 
digitariae Pole Evans, Ann. Bolus Herb. 2: 111. 1917.) 

P. oahuensis has been considered to occur only in Hawaii (sec Stevens, 
Bernice P. Bishop Mus. Bull. 19: 122. 1925). There are, in the Arthur Her¬ 
barium, Puerto Rican specimens which bear this name but they were never 
reported in print as such and were included under P. ( Dicacoma) tubulosa 
in the North American Flora. Arthur and Cummins (Phil. Jour. Sei. 59: 
439. 1936) reported P. paspalicola (P. tubulosa) from the Philippines and 
Cummins (Mycologia 33: 147. 1941, with fig. 3) reported similar New r 
Guinea collections as P. digitariae . In neither case was P. oahuensis given 
consideration, although the New' Guinea collection occurs on the same host, 
D. pruriens. Hiratsuka (Bot. Mag. Tokyo 59: 20. 1935) has recognized P. 
oahuensis on four species of Digitaria ( Sgntherisma) in Formosa, as w f ell as 
for various localities in other publications. The African Puccinia on 
Digitaria has been referred to P. digitariae (Svdow, Monogr. Tired. 4: 604. 
1924; Doidge, Bothalia 2: 124. 1927, with fig/; 3: 499. 1939, with fig. 16; 
Hopkins, Trans. Iihod. Sci. Assoc. 35: 106. 1938; Dade, Bull. Misc. Tnf. Kew 
1940: 219. 1940). 

Through the courtesy of Miss Doidge and Dr. Bisby representative col¬ 
lections of the African rust have been available for study, although I have 
not seen Pole Evans’ type. 1 have been able to study telial material from 
Haw r aii (including the type, fig. 10), the Philippines, New r Guinea, India, 
Transvaal, Southern Rhodesia, Uganda, Brazil and Puerto Rico (fig. 9). 
With the possible exception of the Uganda collection the specimens appear 
to represent a single species. The telia are small, inconspicuous, and remain 
more or less indefinitely covered by the epidermis of the host. Consequently 
the teliospores are closely compacted and variable in size and shape. Meso- 
spores are not uncommon, especially at the edge of the sori. At the periphery 
of the sorus there is a very slight development of brownish parapliyses (fig. 
9, p) but the sorus is not divided into locules. The urediospores are light 
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Fro. 6. Predial paraphyses of Phakopsora hansfordu. (From type.) \ SOU. Fig. 7. Freehand, 
unstained section of a telium of Bubakia vroionis. Note that the teliospores are not arranged in 
chains but are produced in an irregular manner from a basal, rather thick-walled, cellular tissue 
which lies more or less at right angles to the long axis of the mature spores. (From culture mate¬ 
rial described in the text.) x 800. Fig. 8. Teliospores of l T rompers pustulatns; the spores are 
minutely reticulate. (From Hansford s!S11.) x 800. Fig. 9. Freehand, unstained seetion of a 
telium of Puceinia oahuensis; note the slight development of paraphyses at 1*. (From Seavor & 
Ulmrdon 7/7.5.) x 800. Fig. 10. Teliospores of Puceinia oahnensis. (From type.) x 800. For illus¬ 
trations of teliospores from Africa and New Guinea see references cited in the text. Fig. 11. 
Teliospores of Puceinia hansfordiana. (From type.) x 800. Fig. 12. Teliospores of Puceinia 
ugandana, a species characterized by a preponderance of mesospores. The two-celled spores are 
variable in size and configuration but are frequently diorchidioid, as shown here. (From type.) 
x 800. 
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cinnamon- or golden-brown, ecliinnlate, and have four to six, usually four or 
five, equatorial pores. Measurements of the spores are as follows: Hawaii 
(type of P. oahuensis ), II: 22-29 x 28-36 p, III: 17-26 x 27-39 q; Philippines 
(Clemens 1712), II: 22-26 x 25-30 M , III: 16-24 x 27-40 M ; New Guinea 
(Clemens s.n.), II: 22-28 x 28-33 M , HI: 17-23 x 28-46 M ; India (Svdow, 
Ured. 2272), II: 21-26 x 26-32 M , III: 18-26 x 36-48 M ; Transvaal (Doidge, 
Myc. Herb. Union Dept. Agr. 27587), II: 23-30 x 27-36 |j, III: 14-23 
x 33-50 So. Rhodesia (Hopkins 2002), II: 20-21 x 26-29 M , HI: 17-25 
x 38-52 M ; Brazil (Muller 540), II: 18-24 x 23-31 M , Ill: 17-23 x 33-42 M ; 
Puerto Rico (Seaver & Chardon 1415), II: 19-23 x 23-30 \i, III: 16-22 
x 35-40 (j. Doidge (Bothalia 2: 124. 1927) gives the following measurements 
for South African material: II: 19-24 x 23-33 g, III: 20-30 v 27-47 g. 
Sydow’s (Monogr. IJred. 4: 604. 1924) measurements for the spores found 
in Uredo digit aria (cola are: 11 : 19-24 x 24-33 p, III: 17-19 x 35-40 jj. 

The evidence indicates that these collections of Pucci h ia on Digit aria 
represent a single species which should be designated as P. oahuensis. 
Pucciniasubstriata Ellis & Barth. (P. luhulosuni) (see Cummins, M.vcologia 
34: 683. 1942) is not synonymous. 

It was mentioned above that the Uganda specimen (Hansford 2176 on 
D. scalarum) differed somewhat from other collections. The uredia have 
peripheral paraphvses like those of P. oahuensis and, while of the same size 
(20-29 x 26-35 p), the urediospores have six to eight scattered pores. The 
teliospores are similar also (17-24> 38-52 p) but the telia rupture the 
epidermis at an early stage of development and become quite evident. This 
collection may be only a variant of P. oahuensis or it may represent an 
undescribed species. I prefer to accept the first of these possibilities until 
additional collections become available. 

Puccinia ugandana Cummins, sp. now (fig. 12). Pycniis, aeciis et 
urediis nullis. Teliis hypopliyllis, subepidermalibus, in greges usque ad 4 mm. 
diam. dense aggregatis, soris individuis 0.2-0.5 mm. diam., castaneo- 
brunneis, pulvinatis; teliosporae variables, praecique ellipsoideae vel plus 
minusve diorchidiodeae, utrinque rotundatae, medio non vel leniter con- 
strictae, 17-24 x 22-27 g ; membrana pallide eastaneo-brunnea vel aureo- 
brunnea, levi, 2-2.5 p cr., ad a])icem 3.5-6 p; mesosporis co])iosis, ellipsoideis 
vel globoideis, 17-23 x 19 T 25 p; pedicello persistenti, hvalino, 3-6 p lata, 
sporam aequante vel Jongiore. 

On Jasminum sp., Uganda: mile 20, Horina Road, April 1940, C. O. 
Hansford 2672 (type) . 

P. ugandana is a microcyclie species, strikingly different from species of 
Puccinia previously described on Oleaceae because of the small, commonly 
diorchidioid teliospores and the abundance of mesospores. The mesospores 
are the predominant type, the two-celled spores being infrequent. Because 
of the small size of the mesospores they can be readily distinguished from 
the teliospores of Uromyces hohsoni Vize or U. comedens Syd. 
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Puccinia vagans (DC.) Arth., on Epilobium sp., New Guinea: Morobe: 
Mt. Sarawaket., Oct. 18, 1937, Clemens 7262 . 

P. vagans has not been reported from New Guinea but is a rust of wide 
distribution. The collection consists of the systemic aecia which are character¬ 
istic of the species. It was collected at an estimated elevation of 10,000 ft. 

Ravenelia hrevispora Hirats. & Hash., on Breyniaf sp.. New Guinea: 
Morobe*. Kajabit Mission, July 29, 1939, September 1939, Clemens s.n.; on 
Phyllanthus sp., Kajabit Mission, Sept. 20, 1939, Clemens 10700. 

Telia are not present in these collections but there are old aecial spots 
which may indicate that this species has copulate aecia. Through the kind¬ 
ness of I)r. Hiratsuka I have been able to compare the uredia with the type 
of R. hrevispora- and find satisfactory agreement. 

R. hrevispora was described (Dot. Mag. Tokyo 49: 522. 1935) on 
Phyllanthus reticulatus from Formosa and lias not been reported previously 
from New Guinea. 

Uredo cknphricola P. Ilcnu., on Cenehrus eiliaris , Uganda: Kawauda, 
March 1941, C. G. Hansford 2987. 

While no specimen has been available for comparison T feel sure that 
Hansford’s collections are I>. et nehncola. The spores are large, measuring 
23-29 ✓ 29 -39 ( -42) p, have a cinnamon-brown wall 2-2.5 p in thickness, and 
four or fixe equatorial pores. The species is readily distinguishable from 
Puccinia cenchn Diet. & Ilohx. because of the more numerous pores. 

Uredo cissicola Cummins, sp. nov. Urediis hvpophyllis, rarius epi- 
phyllis, subepidermalibus, s]>arsis vel laxe aggregatis, rotundatis, 0.15-0.35 
mm. diam., cinnamomeo-brunneis. pulverulentis, epidermide rupta con- 
spicue; uredios])orae ellipsoideae, obovoideae vel oblougo-ellipsoideae, 19-25 
* 20-35 p ; membrana 1.5 p cr., flavidula vel fere hyalina, valde echinulata; 
]>oris germ, obseuris. 

On Cissus rjuadrangularis , Uganda *. Kiterera, Busoga, September 1940, 
(\ G. 11 a nsford 28 13 ( type ). 

V. cissicola is characterized by relatively large, sharply echinulate uredio- 
spores and sori devoid of paraphyses, features which distinguish it from 
previously described rusts on Vitaeeae. 

Uredo entandophragmae Cummins, sp. nov. Urediis hvpophyllis, sub¬ 
epidermalibus, pustulatis, rotundatis, 0.1-0.3 mm. diam., brunneis; uredio- 
sporae ovoideae, obovoideae vel oblongo-ellipsoideae, 15-21 x25-30 (-42) p; 
membrana 1.5 jlj cr. vel ad apicem 2 -3 p cr., ]>allide cinnamomeo-brunnea vel 
flavido-brunnea, moderate echinulata vel ad basim fere levibus; poris germ, 
obseuris. 

On Entandophragma sp., Uganda: Entebbe Road, December 1940, C. G. 
Hansford 29H (type). 

There is no previous record of a rust on Entandophragma nor is there 
a similar Uredo known on Meliaceae. 

Uredo kigeziensis Cummins, sp. nov. Urediis amphigenis, subepider¬ 
malibus, sparsis vel laxe aggregatis, ovalis, ellipticis vel linearis, usque ad 
1.5 mm. longis, longitudinaliter deliiscentibus, flavidis; urediosporae late 
ellipsoideae, ellipsoideae vel obovoideae, 14-19 x 19-26 p ; membrana 1.5 p 
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cr., pallide flavida vel hyalina, densiuscule minuteque echinulata; poris 
germ, obseuris, verisimiliter sparsis. 

On Eragrostis macitcnta, Uganda: Kabale, Kigezi, August 1937, C. G. 
Hansf ord 2226 ( type ). 

Puccinia cragrostidieola Kern and Angiopsora hiratsukae 8yd. have pale 
urediospores of about the same size as those of Uredo kigeziensis but the 
presence of paraphyses in their uredia is a distinguishing feature. Para- 
physes are not described for Puccinia eragrostidis Fetch but both the uredia 
and the urediospores are small. 

Uredo melinidis Kern, on M cl inis maitlandii, Uganda*. Kawanda, June 
1940, C. G. Hansford 2727; on Mclinis minutiflora, Sierra Leone, Njala, 
November 28, 1930, F. C. Brighton 335 . 

This species, described from Venezuela on M. minuliflora and also re¬ 
corded for Brazil on the same host, has not been reported previously from 
Africa. The type specimen has been available for comparison and the 
African specimens differ in no way. 

Inasmuch as Mclinis winutiflora is a native of Africa and was introduced 
into South America one might expect that the rust also originated in Africa. 
The grass occurs as a forage plant in South and Central America and the 
West Indies and the rust will probably be found to have a wider distribution 
than recorded at present. 

Uredo mira Cummins, sp. nov. Urediis subepidermalibus, amphigenis, 
sparsis, rotundatis vel ovalis, 0.1-0.4 nun. longis, pulverulentis, eastaneis, 
epidermide rupta conspieue, paraphysibus peripherals variabiles numerosis, 
plus minusve cylindraeeis, 10-20 x 50-85 p, membrana pallide flavida vel 
fere hyalina, 2-3 p cr. vel ad apicem 3-30 p; urediosporae cllipsoideae. 
obovoideae vel late cllipsoideae, 23-29 x (29-) 32-40 (-42) p; membrana 
2-2.5 p cr., moderate echinulata, obscure einnamomea vel castanea; ])oris 
germ. 3 vel rarins 4, acquatorialibus. 

On Manisuris altissima (M . fasciculata ), Buenos Aires, Argentina, March 
1906, R. Thaxfcr 63 (type) (lieliq. Pari. 759 as Puccinia Ievis). 

II. mira is characterized by rather large, dark brown spores and highly 
variable paraphyses. The paraphyses may be narrowly or broadly cylindrical 
or more or less bottle-shaped and may be straight or variously curved. Their 
walls may be uniform in thickness or greatly thickened above. 

The most nearly related species is Puccima cacao McAlp. (Uredo 
rottboellii Diet.). Urediospores of the two species are similar in size and 
pigmentation but if published descriptions are correct P. cacao does not 
form paraphyses in the uredia. P. pappiana Syd. on Manisuris granulans 
has capitate paraphyses and smaller urediospores. 

Thaxter’s specimen was mentioned by Arthur (Proe. Am. Phil. Soe. 64: 
177. 1925) under P. Ievis. Spegazzini (An. Mus. Nae. Buenos Aires 19: 319. 
1909) reported a rust on the same host under the name Uredo roftbocllii 
birt it may very w T ell be U. mira. 

Uredo morobeana Cummins, sp. nov. Urediis subepidermalibus, in 
maculis brunneis sparsis, plerumque hypophyllis, oblongis, 0.2-0.5 mm. 
longis, pulverulentis, brunneis, epidermide rupta conspieue; paraphysibus 
nullis; urediosporae globoideae vel late ellipsoideae, 20-27 x 25-32 p; mem- 
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braim 1.5-2 p er., aureo- vel pallide cinnamomeo-brunnea, moderate echinu- 
lata; poris germ. 3 vel 4, aequatorialibus. 

On Eulalia (Pollinia) fulva , New Guinea*. Morobe: Kajabit Mission 
Dee. 2, 19159, Clemens 10857 (type). 

II. morobeana is nearer to P. kimurai Hirats. & Yosh., which I have been 
able to examine through the courtesy of l)r. Hiratsuka, than to other species 
which parasitize Eulalia or related genera, but the urediospores of P. kimurai 
average slightly smaller and are more deeply pigmented and more closely 
echinulate. The absence of paraphyses serves to separate U. morobeana from 
most species which occur on Eulalia. 

Uredo eulaliae-fulvae Cummins, sp. nov. TTrediis amphigenis, subepi- 
dermalibus, longitudinaliter tarde dehiseentibus, in maculis brunneis sparsis 
vel plus miuusve striatis, oblongis vel linearis, 0.4-1.0 mm. longis, brunneis; 
paraphysibus brevibus, inconspicuis, obovoideis, 5-28 p latis, 215-30 p altis, 
membrana ubique lp cr., liyalina; urediosporae obovoideae vel oblongae, 
(17-) 19-26 (-28) a 29-38 (-42) p; membrana flavida vel aurea, 1.5 p cr. 
vel ad apicern 2-4p cr., laxiuscule echinulata; poris germ, obscuris, veri- 
similiter 5, aequatorialibus. 

On Eulalia {Pollinia) fulva , New Guinea: Morobe: Kajabit Mission, 
Oct. 3, 1939, C lemens 107 /9, Dee. 13, 1939, (Hemens s.n.; Wantoat, dan. 13, 
1940, Clemens 10078 (type); Matap station, Mar. 8, 1940, Clemens s.n.; 
Doan a. May 15, 1940, Clemens s.n. 

Mrs. 01eInens , notes indicate that the urodia are golden when fresh, but 
they appear brownish when dry. The spores are pale golden or nearly 
hyaline, are frequently angular, and have an apical wall which may be 
uniform or slightly thickened. Hyaline, thin-walled structure which collapse 
easily and which I assume should he interpreted as paraphyses are present 
in the sori but are inconspicuous and easily overlooked. 

r. eulaliae-fulvae differs from U. morobeana and from other rusts on 
Eulalia because of the large, pale spores and the peculiar paraphyses. 

Uromyces nattrassii Cummins, sp. nov. Pycniis epiphyllis, subepider- 
malibus, paraphysatis, globoideis, 100-135 p diain. Aecia pyenia circulariter 
circumdantia, amphigena. vel eaulieola, subepidermalia, in maculis moderate 
incrassatis usque ad 8 mm. diam., confluentibus, cinnamomea, pulverulenta, 
uredinoidibus; aeciosporae globoideae vel late ellipsoideae, 23-28 < 26-33 p; 
membrana 2.5-3 p cr., cinnamomea vel pallide eastanea, moderata denseque 
verrucosa; poris germ. 2, aequatorialibus. Teliis aeciis conformibus sed 
])allide flavidis et compactis; teliosporae ovoideae vel oblongae, ad apicenm 
rotundatae vel plus miuusve truncatae, deorsum atteuuatae, (16-) 18-24 
(-26) ' (25-) 30-40 p; membrana 1.5-2 p cr., ad apicem 6-11 p, hyalina vel 
pallide flavidula, levi, pedicello hyalino, persisteuti, usque ad 90 p Ion go; 
statim germ. 

On Slat ice spieatum, Cyprus: Famagusta, May 1935, E. M. Nalirass ol2 
(type). 

Uromifccs naflrassii differs from species described previously on related 
hosts in having colorless teliospores and urediuoid aecia. Apparently, uredia 
are not formed or, if formed, do not differ from the aecia. The aecia and telia 
occur in a more or less complete ring around the pycnia, the telia commonly 
developing in the aecia. 
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Nattrass (A first list of Cyprus fungi. 1937, p. 23) reported the above col¬ 
lection, together with two other specimens (Nos. 489, 490) on the same host 
and two specimens on 8. limoniuni, as Uromyces limonii (DO.) Lev. The rust 
on 8. linuminm was probably as reported. Apparently, neither the pycnia nor 
the telia were detected on 8. spicatum. Nattrass published notes, made by W. 
F. Steven of the Imperial Mycological Institute, pointing out that “No. 490 
is similar in all respects, including malformation of the stems, to No. 3101, in 
Herb. Kew, on Static,e sinuata L. from the Island of Lemnos, Crecce (Exsicc. 
Mus. Hist. Pat. Vindobin 1925).” This may indicate that U. nattrassii also 
occurs on 8. sinuata, but an examination of the specimen would be necessary 
to decide the point, since Sydow (Monogr, TJred. 2: 42.1910) and Maleiu'on 
(Rev. Mycol. 1: 270. 1936) report 8. sinuata under U. limonii. Malencon 
states that “les teleutosores sont rares” which would indicate that he saw 
telia. In referring, in the discussion following his description of Uromyces 
statices-mucronatae, to the rust on 8. sinuata he writes (/. r., p. 271) “—; 
d’autre part, sur Statice sinuata , res uredosores foment de grosses pustules, 
nombreuses, generalement confluentes et deformantes, borders par les tissus 
rougis de la plante.” 

Presumably, Nattrass’ specimens Nos. 489 and 490 on 8. spicata will be 
found to be U. nattrassii but this, as well as the identity of the rust on 8. 
sinuata , can be decided only when the specimens have been compared with 
the above description. 

Uromyces pustulatus Wakef. (fig. 8), on Bauhinia fassoglensis, Kenya : 
Kibos, Feb. 1921, T. D. Maitland (type) ; Uganda: Kiterera, Busoga, Sept. 
1940, C. G. Hansford mi. 

The teliospores of this microcyelic species were originally described (Bull. 
Misc. Inform. Kew 1922: 163) as verrucose but are actually finely reticulate. 
It is necessary to examine the spores soon after mounting since the outer 
portion of the wall swells and then usually appears to be verrucose. In the 
portion of the type received from Miss Wakefield Ihe sori are on the pods 
while in Hansford’s specimen they occur on the leaf blades, where they 
cause slight distortion, and on the petioles ami stems. 

U. pustulatus is near to U. goyazcnsis P. Ilenn., which has finer reticu¬ 
lations, a less pronounced apical thickening, and somewhat longer, narrower 
spores and to U. floralis Vestergr., which has about the same reticulation but 
a thinner apical wall. The only other African species with reticulate telio¬ 
spores is U. rhodesicus Wakef. It has uredia in the life cycle, as does (I. 
congocnsis with verrucose teliospores, and the teliospores are globoid or 
depressed globoid and dark brown and opaque. 

The Arthur Herbarium, Purdue University Agricultural 
Experiment Station 
Lafayette, Indiana 
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A NEW SPECIES OF SPHAERALCEA FROM NEW MEXICO 1 

C. L. Pouter 

Sphaeralcea procera Porter, sp. hoy. Planta perennis, moll iter lignosa, 
ineana, fere 3 m. alta, ramis adseendentibus numerosis. Paulis pili fere 0.5 
mm. longi, radiis fere 16. Lamina foliorum 1-5 em. longa, eoriaeea, infra 
prominenter venosa, rujrosa, marginibus erispis, ovato-oblonga, ad basim 
euneata ad apieem acuta vel obtusa, 3 venis validis a base provenientibus, 
plerumque 3-lobata, lobo terminali quam lobo lateriore largiore, marline 
irregular iter dentata. Petiolus 5-10 mm. Jongus. Infloreseentia angusta, 
densa, interru])ta, thyrsoidea, fere usque ad apieem foliaeea. Pedieelli ealyci 
breviores. Calyx ad fa idem dorsalem dense pubeseens, fere 5 mm. altus, lobis 
deltoidis tubum aequantibus vel pauee ^xeedentibus. Corolla roseo-purpurea. 
Carpel li fere 10, fere 3 mm. alti et 2 mm. lati, galeatiformes, erasso-retieulati. 
Ovuli 2 et semina 1 in quoque earpello, seminis marline pubeseenti. 



i Contributions from the Department of Botany and the Rocky Mountain Herbarium 
of the University of Wyoming No. 195. 

5:11 
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Type*. C. L. Porter 3037, collected in a dry sandy arroyo about 20 miles 
north-east of Deming, Luna County, New Mexico, September 14, 1941, in 
the liocky Mountain Herbarium, University of Wyoming, Laramie, Wyo¬ 
ming. Isotypes in the herbaria of the Missouri Botanical Garden and the 
New T York Botanical Garden, and in the U. S. National Herbarium. 

This species may be referred to the subgenus Eusphaeraleca and the sec¬ 
tion Emoryanae. It is immediately distinguished from all species in the 
United States by its size and shrubby nature and from the species in its sec- 



Fig. 2. Spharralcea procera; a single carpel from the typo. * lo. 


tion by the nature of the carpels. In leaf characters it approaches S. nnoiip 
rnriabilis (Cockerell) Kearney, to which it might be considered as most 
closely allied. 

The species described above was encountered while the writer was on a 
botanical collecting trip in the Southwest which was financed partly by a 
Grant-in-Aid from the Sigma Xi Alumni Research Fund, and it is a pleasure 
to acknowledge the assistance thus obtained. 

The Rocky Mountain Herbarium, University of Wyoming 
Lapamie, Wyoming 







BULLETIN OF TIIE TOBREY BOTANICAL CLUB 


Vol. 70, No. 5, pp. f>33-549 


September, 1943 


STUDIES ON PACIFIC ISLAND PLANTS—III 
NEW AND NOTEWORTHY FLOWERING PLANTS 
FROM FIJI 

A. (\ Smith 

Tl)c species discussed in tlie following pages are either novelties, or rep¬ 
resent range-extensions into Fiji, or are sufficiently unusual to merit notes. 
The greater part of the herbarium material which is the basis of this study 
was forwarded from the Bernice P. Bishop Museum in 1941, and 1 am in¬ 
debted to the authorities of that institution, and especially to Miss Marie 
Neal, for their cooperation. The place of deposit of cited specimens is indi¬ 
cated by the following parenthetical abbreviations: Arnold Arboretum (A), 
Bishop Museum (Bish), Cray Herbarium (Oil). 

Two families here mentioned, Alismaceae and Tridaeeae, have not other¬ 
wise been recorded from Fiji; both are represented by introduced species. 
The genera Scirpodcndron and Rhanniclla, represented by species native to 
the group, are here first reported from Fiji, while the following genera are 
apparently first listed from the group and are based upon records of intro¬ 
duced species: Sagitlana, SisipinchuuiK Trifonia , Hcdifchium , Snicbicra, 
Gifnandropsis , Smnannp and Albizzta2 In this treatment ten species are 
described as new and two new combinations are proposed. 


taxacea u 

DACKYmriu lycopodioides Brongn. & Oris m Bull. Soc. Bot. Fr. 16: ,‘129. 
1869; A. 0 Sm. in Bishop Mus. Bull. 141: 11. 19,46. 

Viti Lew : Naitasiri: (Vntral Load. S miles from Suva, alt. 240 m., Mac - 
Daniels J 151 (Bish) (tree 45 m. high, the trunk 120 cm. diam.; timber good; 
in rain-forest). 

Previously recorded, in Fiji, only from a single collection from Vanua 
Levu. 

ALISMACEAE 

Sagjttaria sauittifolta L. Sp. PI. 994. 1754. 

Viti Levi : Naitasiri: Rewa Delta, in water along Wainimbokasa River, 
MacDamcls 1020 (Bish). 

This widespread species, perhaps a recent introduction into Fiji, has been 
reported in the Pacific area only from Hawaii and Raratonga. Our specimen 
represents a broad-leaved form. 


1 In a recent paper entitled “The a<l\entice and weed flora of the leeward coasts of 
Fiji,’* in Proc. Linn. Soc. 154: 92-100. 1913, William Greenwood has listed a few species 
which are discussed as new records in the present paper, which was prepared before the 
cited publication was available. 

r>:r, 
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TRIURIDACEAE 

Andrukis vitiensis (A. C. Sin.) Giesen in Pflanzenr. 104 (IV. 18): 28. 
1938; A. C. Sm. in Sargent ia 1: 5. 1942. 

V iti Levu : Naitasiri: Korombamba Mt., woods near summit, alt. 550 m., 
Gillespie 2352 (Bisli). 

This species has previously been reported only from Vanua Mbalavu and 
Vanua Levu. 

GRAMINEAE 

(determinations by Allies (-base) 

Isciiaemum timorense Kuiith, Rev. Gram. 1: 369. pi. 38. 1830; Lanterb. 
in Rot. Jahrb.41: 222.1908. 

Viti Levu : Rewa: Between Navua and Suva, Greenwood 817 (GII) (in 
clumps up to 60 m. high). 

This species has apparently not previously been recorded from Fiji and 
is known from the nearby groups only from Lauterbach’s mention of it in 
Samoa. 

Paspalum disticiium L. Amoen. Acad. 5: 391. 1759, Syst. Nat. ed. 10. 2: 
855. 1759; Reehinger in Denkschr. Akad. Wiss. Wien 81: 301. 1907; Chris¬ 
toph. in Bishop Mus. Bull. 128: 10. 1935. 

Viti Levu : Lautoka: Lautoka, Greenwood 830 (GII) (creeping peren¬ 
nial, up to 30 cm. high, on dry hillsides). 

Although reported from Samoa and other Pacific groups, this species 
appears not to have been previously listed from Fiji. 

Eragrostis unioloipes (Retz.) Nees ex Steud. PI. Glum. 1: 264. 1854. 

Viti Levu: Nandronga : Singatoka, Greenwood 815A (GII) (on dry hills 
at roadside). 

Apparently this plant has not otherwise been reported from Fiji or any 
of the nearby groups. Mr. Greenwood states that it was first seen in Fiji at 
Navua (Viti Levu) in 1939, since which time it has evidently spread along 
the road to Lautoka; only a few patches were seen at the cited locality. 

CYPERACEAE 

Scirpodendron Giiaeri (Gaertn.) Merr. in Philip. Jour. Sei. Bot. 9: 268. 
1914. Chionanthus Ghaeri Gaertn. Fruet. 1: 190. t. 39 , /. a~e. 1788. Pty- 
chocaryum Ghaeri H. Pfeiff. in Rep. Sp. Nov. 21: 240. 1925, 28: 20. 1930. 

Viti Levu : Serua: Thulanuku, near Ngaloa, Degener 15103 (GII) (in 
marsh near ocean; native name: misimisi). Vanija Levu : Thakaundrove: 
Maravu, near Salt Lake, Degener tf* Ordonez 11249 (GH) (herb up to 1 m. 
high, in marsh in coconut plantation near sea; leaves used for thatching). 

This species has not otherwise been reported from Fiji, although it is 
known from Samoa, usually having been reported under the synonym of 
Scirpodendron cost alum (Tliw.) Kurz; it is also recorded from Micronesia. 
We also have available a collection from the New Hebrides (Santa Cruz 
Group / Vanikoro: Kajcwski 662 |GH], in salt-water swamp in rain-forest, 
with leaves up to 2.5 m. long). 

Pfeiffer, in the publications cited above, has referred this plant to Ptycho- 
carynm. R. Br., apparently believing that this genus was validly published 
before Scirpodendron Zippel ex Kurz (1869). I am unable to find that this 
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is the ease. The name Ptychocarya (not Ptychoearyum) apparently first 
appears in Wallich’s Catalogue (p* 123, no. 3538. 1830) under Sclcria macro- 
carpa Wall., as “ Ptychocarya , illustr. It. Hr. (gen. nov.).” The combination 
Ptychocarya macrocarpa seems to have been first made by Steudel (Nomencl. 
ed. 2. 2: 416. 1841), without comment. Lindlev (Veg. Kingd. 119. 1846) lists 
Ptychocarya R. Hr. without description or reference to an earlier descrip¬ 
tion. 

It thus appears that Ptychocarya was not adequately published before 
1869 and that it cannot be taken to replace Scirpodcndron, The spelling of 
Brown’s name was “corrected” by Post and Kuntze (Lexic. 470. 1904) to 
Ptychocaryam, which was adopted by Pfeiffer. The more complete synonymy 
of the species was given by Pfeiffer in 1930. I am indebted to Dr. Tl. W. 
Rickett for verifying the above conclusions as to the proper binomial for 
this plant. 

IKIDACEAE 

Sikyrin ri hum micrantiium Cav. Dissert. Hot. (6). 345. pi. 191 , /. 2. 
1788. 

Viti Levtt : Tholo North: Vicinity of Nandarivatu, in pastures, alt. 900 
m., Gillespie 272H (Bish, OH) (native name: wa ma ndrali). 

This American plant has become widely distributed; in the Pacific it lias 
been reported from Easter Island and New Caledonia, and it is naturalized 
in southeastern China. It was doubtless accidentally introduced into Fiji. 
The genus has not otherwise been reported from the group, nor, as far I can 
ascertain, has any representative of the family lridaceae. 

Tritonia crocosmiaeflora (Bern.) Nichols. Diet. Card. 4: 94, as T. cro- 
cosmiftora. 1887. Montbretia crocosmuuflora Lem. ex Andre in Rev. Hurt. 
54: 124. pi 1882. 

Viti Bevu : Tholo North : Nandarivatu, in open waste places, alt. 1000 m.. 
Parks 2065S (Bish). 

This common garden hybrid has apparently escaped from cultivation and 
should be listed among the adventive plants of Fiji. It has been reported as 
naturalized in Hawaii by Degener (PI. Haw. Nat. Park 105. pi. 22. 1930). 

ZINGIBER ACEAE 

IIedyohii’m ooron arium Koenig in Retz. Obs. Hot. 3: 73 1783; K. Sebum, 
in Pflanzenr. 20 (IV. 46) : 44. 1904. 

Fiji, without definite locality ; Gillespie, 120i (Bish, fls. only) (flowers 
white, fragrant, worn in hair by dancers; native name: the ruaya). 

This widely cultivated species is commonly found in Fijian villages and 
is probably more or less naturalized, but it appears not to have been previ¬ 
ously recorded from the group. 


ULMACEAE 

Celtis IIarperi Horne ex Baker in Jour. Binn. Koc. Hot. 20: 371. 1883. 

Vanua Bevu : Mbua : Southern portion of Seatovo Range, alt. 100-350 m., 
Smith J56H (OH) (slender tree 4 m. high, in forest) ; Thakaundrove: Natewa 
Peninsula, Uluingala, alt. 600-820 m.. Smith 1976 (GII) (tree 8 m. high, in 
dense forest). 

The only species of Celtis thus far reported from Fiji is (\ IIarperi , based 
on a specimen collected by*Horne between Wai Wai and Bomaloma, Vanua 
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Levu. The original description of this species, although brief, indicates that 
C. Ilarperi is represented by the two specimens cited above, rather than by 
the Viti Levu specimers cited in connection with the following species. 
Baker’s mention of the leaf-blades as 3-4 inches long, 1| inches broad, and 
acute seems to exclude the Viti Levu specimens, which have the blades smaller 
and obtuse. 

The Vanua Levu specimens here cited have the petioles 10-20 mm. long, 
the leaf-blades 8-13.5 cm. long and 4-6 cm. broad (about 3-5} by 1^-2} 
inches), obtusely cuspidate or short-acuminate, usually callose-mucronulate at 
apex, and conspicuously 3-nerved from the base, with 2-4 pairs of weak sec¬ 
ondaries arising from the costa. The fruiting inflorescences are up to 7 cm. 
long, 2 or 3 times dichotomously branched, or reduced and essentially simple; 
the drupes are ovoid, up to 12 mm. long and 8 mm. broad, and abruptly nar¬ 
rowed to the persistent stigmas. 

On the basis of many modern interpretations of C. paniculate! (Endl.) 
Planch., one might take C. Ilarperi to be a synonym, but l am inclined to 
doubt that C. panindata has the extensive Pacific range accredited to it by 
F. Brown (in Bishop Mus. Bull. 130: 29-32.1935) and others. It may also be 
questioned whether the plant mentioned as C. panindata by Kanehira (FI. 
Micron. 82. /. 11. 1933) and other workers on Micronesia is the same as the 
Norfolk Island plant which was the basis of IManchon’s combination (Sole no¬ 
stigma panindatum Endl. Prodr. FI. Norfolk. 42. 1833). On the basis of the 
original description, Australian herbarium specimens, and the interpreta¬ 
tions of students of the Australasian flora (e.g., Banks and Sola ml. Ill. Austr. 
PI. [Bot. Cook’s Voy.] 3: 90. pi. 298. 1905), one observes that the leaves of 
C. panindata have comparatively short petioles, inconspicuous lateral basal 
nerves which are scarcely stronger than the several upper secondaries, and 
a gradually acuminate apex. 

Celtis vitiensis A. C. Sm., sp. nov. 

Arbor ad 4 m. alta (vel ultra?) sub fruetu ubique glabra, ramulis 
gracilibus subteretibus cinereis eopiose lenticellatis; stipulis subcoriaceis 
acutis 2-4 mm. longis demum eaducis; petiolis gracilibus leviter canaliculatis 
4-10 mm. longis; laminis chartaeeis in sieeo fusco-olivaceis utrinque papil- 
lato-rugulosis, ellipticis vel ovato-ellipticis, (3-) 4-9 cm. longis, (1.5-) 2-4 
(-4.5) cm. latis, basi obtusis et in petiolum saepe inaequilateraliter decur- 
rentibus, a])ice late obtusis vel subrotundatis et saepe inconspicue emargina- 
tis, margine integris et leviter recurvatis, e basi trinerviis, costa supra paullo 
elevata subtus prominente, nervis primariis 2 supra medium laminae arcu- 
atim produetis exterius venas paucas ineonspicuas emittentibus, nervis 
secundariis utrinsecus 2 vel 3 inconspicuis plerumque utrinque prominulis, 
rete venularum iminerso vel interdum subtus prominulo; cymis fructiferis 
1-2 cm. longis pauciramosis, pedieellis 1-3 mm. longis; drupis elongato- 
ovoideis, maturitate 8-9 mm. longis et 5-6 mm. latis, inconspicue 2-angulatis, 
basi obtusis vel rotundatis, apicem versus abrupte angustatis, stigmatibus 
conspitjue bilobatis complanatis subpersistehtibus. 

Viti Levu: Tholo North: Vicinity of Nandarivatu, alt. 750 m., Dcgener 
14322 (A— type), Feb. 9, 1941 (tree 4 m. high, on forested stream-bank; 
fruit blue-black, succulent) ; Nandrau, alt. about 600 m., Dcgener 14897 (A) 
(in forest) ; trail around escarpment behind Government KtatioA, Nandari¬ 
vatu, alt. 800 m., Gillespie 4185 (Bish, GH). 
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Similarly a member of the Submenus Sole nostigma (Emil.) Planch., C. 
vitiensis differs from C. Harperi Ilorne, doubtless its closest ally, in its 
shorter petioles, smaller leaf-blades with papillate-rujrulose surfaces and 
obtuse or nearly rounded apices, and smaller drupes. The cited specimens 
were originally distributed to various herbaria under the name of C. 
Harperi. Defence reports the native names of marasa and mat ho for his nos. 
14322 and 1 IS97 respectively, but these names usually refer to species of 
Sapindaeeae and Lauraeeae. 

PROTKACEAK 

Kermadefia ferruginea A. C. Sm. in Bishop Mus. Bull. 141: 48 1936. 

Taveuni : Trail above Somosomo, alt. 1000 in., Gillespie 1312 (A, Risli) 
(on exposed summit ridjjc; native name: kau mbntu). Without definite 
locality : |“other side of W. ”|, Gillespie 3201 (A, Bish) (native name: 
t hive a). 

Of the above-cited collections, the first was obtained near the type lo¬ 
cality, and it is quite probable that Gillespie’s cryptic locality for Ins no. 
3201 refers to Waivevo, one of his other stations on Taveuni. Each of the 
cited collections is accompanied by a detached fruit and has leaves larger and 
older than those originally described, making desirable the following amplifi¬ 
cation <>!* the description: 

Petioles up 1o 6 5 cm. lonjr; leaf-blades up to 17 cm. lonjr and 12.5 crn. 
broad, subcordate to ine(|uilaterally subacute at basis often nearly rounded 
at apex, lightly undulate and essentially entire at margins, persistently 
ferru< 2 inous-tomentose on the main nerves above or ^ lab rescent, at length 
nearlx jdabrescent beneath, the principal secondary nerves often 4 or 5 
pairs; rficeme up to 9 cm. lonjr in fruit ; fruit coriaceous when dried, ellipsoid 
or ovoid, slightly flattened, at maturity up to 23 mm Ion", 20 mm. broad, 
and 14 mm. thick, rounded at base, subacute and perhaps mucronulate at 
apex, the pericarp probably earnose when fresh, blackish when dried. 

PORTFLAFAFEAE 

Talinfai fanifulatfm (Jaeq.) Gaertn. Fruct. 2: 219. ph 123. 1791 ; v. 
Poelln. in llep. Sp. Nov. 35: 10. 1934. 

<)valat t : Alonj* coastal road north of Levuka, near sea, Gillespie 111)5 
(Bish, GH). 

This widespread weed has already been reported from Fiji, under the 
synonym T. patens (L.) Wilhl., by Seemann (FI. Vit. 10. 1865). It is thus 
far recorded, in Fiji, only from Ovalau, but apparently it is common in the 
Society Islands. A native of tropical America, the species is now widely 
naturalized in China. 

deueneriaceae 

Degeneria vitiensis 1. W. Bailev & A. C. Sm. in dour. Arnold Arb. 23: 
357. pi. 1-5. 1942. 

Viti Levi 7 : Naitasiri: Nanduna, alt. about 90 in., />. E. Parham 1 133 ( A) 
(tree about 18 m. hi«rh, in forest; native name: masiratu; timber useful). 

The recently described monotypic De^eneriaeeae has previously been 
known only from collections in Tholo North, Viti Levu, and Mbua, Vanua 
Levu. The third collection, cited above, comes from the southeastern portion 
of Viti Levu; its foliage precisely matches that of the type and it is ac- 
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companied by an old fruit which offers no characters not brought out- in the 
original description. Mr. Parham states that the species is fairly frequent in 
the cited region. 

ANNONACEAE 

Polyalthia angustifolia A. C. Sm., sp. nov. 

Arbor sub fructu ubique glabra; ramulis graeilibus subteretibus rugulo- 
sis iiiconspicue lenticellatis; petiolis canaliculatis 6-10 mm. longis superne 
auguste alatis; laminis subcoriaceis in sicco fuseis oblongo-Janceolatis, (6-) 
12-17.5 cm. longis, (2.5-) 3-4 cm. Jatis, basi subacutis et in petiolum in- 
conspicue decurrentibus, apice obtusis vel breviter et obtuse cus])idatis, 
margine integris et leviter recurvatis, costa supra vahle impressa subtus 
prominente, nervis secundariis utrinsecus 7-12 brevibus arcuatis anastomo- 
santibus supra subplanis subtus prominulis, rete venularum immerso vel 
subtus paullo prominulo; infructescentiis ut videtur breviter pedicellatis, 
pedicello sub fructu crasso tereti ruguloso 2 cm. vel ultra longo, lobis calvcis 
persistentibus 3 subcoriaceis late deltoideis ad 2 mm. longis obtusis; re- 
ceptaculo subgloboso sub fructu ad 7 mm. diametro; carpellis maturis ut 
videtur circiter 12 breviter stipitatis (stipitibus crassis ad 2 mm. longis) 
obovoideo-ellipsoideis, 15-22 mm. longis, 12-15 mm. latis, apice rotundatis, 
pericarpio coriaceo tenui iiiconspicue ruguloso; seminibus 1 vel 2 adseenden- 
tibus obovoideis vel subglobosis, ad 14 mm. longis et 11 mm. Jatis, interdum 
subcomplanatis et leviter earinatis. 

Viti Levu : Naitasiri: Tamavua woods, 7 miles From Suva, alt. 150 m., 
Gillespie 21.98 (A— type, Bish, GH), Aug. 9, 1927. 

Polyalthia angustifolia is readily distinguished from the other Fijian 
species of the genus by its long narrow leaf-blades with subacute bases. The 
carpels, with one or two erect seeds, indicate the probable place of the new 
species in Polyalthia , but this position should be verified by the collection of 
flowers. 

Xylopia pacifica A. 0. Sm., sp. nov. 

Arbor ubique praeter infloreseentiam demum subglabra vel ramulis 
apieem versus et petiolis einereo-puberula; ramulis graeilibus teretibus 
cinereis eopiose lenticellatis; petiolis rugulosis canaliculatis 2-6 mm. longis, 
superne basi laminae decurrente alatis; laminis subcoriaceis siccitate fuseis 
ovatis vel ellipticis, 4.5-11 cm. longis, 2.5-5 cm. latis, basi obtusis et in 
petiolum abrupte decurrentibus, apice cuspidatis vel acuminatis (acumiue 
ipso ad 8 mm. longo obtuso), margine integris, subtus pilis ad 0.5 mm. 
longis cinereo-hirtellis demum glabreseentibus, supra costa interdum brevi¬ 
ter pilosa exeepta glabris, costa conspicua utrinque prominente, nervis 
secondariis utrinsecus 7-18 cum aliis debilioribus interspersis patentibus 
utriiKpie valde prominulis marginem versus anastomosantibus, rete venu¬ 
larum eopiosarum intricate utrinque prominulo; infiorescentiis axillaribus 
vel e ramulis infra folia orientibus brevibus 1- vel 2-tloris, rhachi pedicel- 
lisque primo dense sericeo-puberulis, rhachi 2-3 mm. longa, bracteis rnox 
caducis; pedicellis crassis 2.5-3 mm. longis basim versus 1 mm. superne ad 2 
mm. diametro; calvee ut pedicello puberulo coriaceo late cupuliformi, sub 
anthesi 3-4 mm. longo et circiter 6 mm. diametro, intus glabro, sepalis 3 
late ovato-deltoideis, circiter 2 mm. longis, 4-5 mm. latis, apice obtusis vel 
rotundatis; corolla cylindrico-urceolata inconspicue hexagona, basi dilatata, 
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immatura ad 9 mm. longa, petalis 6 carnosis valvatis biseriatis, extorioribus 8 
lanceolatis basim versus eireiter 5 nun. latis, ext us dense pallido-serieeis, 
intus eopiose pallido-puberulis, interioribus 8 brevioribus dense puberulis e 
basi inerassata eireiter 2.5 mm. lata subulatis; loro subeonieo eireiter 1 mm. 
alto externe staminifero medio profunde excavato apiee irregulari; stamini- 
bus eireiter 200 arete imbrieatis 1 ..‘1-1.5 mm. Jongis, filainentis ligulatis 0.2- 
0.5 mm. longis, eonneetivo in appendieulam minutam eomplanatam obscure 
papillosum produeto, loeulis Jinearibus obseure septatis; pistillis eireiter 5 
cavitate tori inelusis oblongo-ellipsoideis, stylo brevi ineluso eireiter 1.4 mm. 
longis, pilis 0.2-0.5 nun. longis apiee exeepto eopiose pallido-serieeis, ovulis 
lit videtur eireiter 12 oblique superpositis; pedicel 1 is sub fruetu erassis 
teretibus rugosis ad 15 mm. longis, receptaculo demum valde inerassato; 
earpellis maturis 2-4 inaequilateraliter ellipsoideis vel obovoideo-ellipsoideis, 
25—32 mm. longis (stipite (*rasso eireiter 4 mm. longo et 4-6 min. diametro 
excepto), 16 21 mm. latis et erassis, ineonspieue longitudinaliter earinatis, 
apiee rotundatis, pericarpio fibroso-lignoso 1-1.5 mm. erasso ineonspieue 
papilloso-ruguloso vel sublevi, primo nigrescente demum einereo-variegato, 
seminibus 8-12 (vel in fructibus minoribus 8 vel 4), eis basim et apieem 
versus parvis, eis medium versus inaequilateraliter obovoideo-ellipsoideis 
eonspieue eomplanatis, eireiter 16 mm. longis et 10 mm. latis, -4-5 mm. 
erassis, basi et apiee obtusis. 

Viti Levit; Tholo North: Nandarivatu, alt. 900 m., Gillespie 1133 (A, 
Bish. GH), 1313 (Bish) ; Kewa : Land, alt. 100 rri.. Parks 20312 (Bish) (tree 
6 m. hi<ih; Irunk 8 cm. diam.; in thick forest) ; Naitasiri: Tholo-i-Suva, alt. 
about 180 m., />. E . Parham 2631 (A- type), Jan. 16, 1929 (tree 8 m. high, 
in forest), Nasinu, 9-10 miles from Suva, alt. 150 m., Gillespie 3133 (A, 
Bish, GH), 3613 (A, Bisli, GH) (in woods west of road), 3663 (A, Bish, 
GPI) (large tree; trunk 20 em diam.; fruit dark green). 

Xylopia pacijica , the third species of the genus known from Fiji, in 
vegetative (diameters strongly suggests the two already known, differing 
from them in its much shorter petioles, its leaf-blades with more obviously 
deeurrent bases and somewhat less prominent venation, and its different 
torus, which is irregular at the distal margin and forms a deeper earpellary 
cavity. The stamens of the new species are very numerous, being larger 
than those of X. nUeusis A. (\ Sm. and smaller than those of X. Depeneri 
A. C. Sin. 

Of the <dted specimens, only the type bears flowers, and this collection is 
accompanied by a single detached mature carpel. The remaining specimens 
are in fruit. The type and Gillespie 3133 are identical in foliage, differing 
from the remaining specimens in having leaves with longer acumens and 
slightly less obvious venation. There is also considerable variation in the 
fruits of the cited specimens. Those described above are of the most mature 
carpels, as found on the type and Gillespie 3133. The remaining specimens 
have carpels only 12-18 by 10-16 nun. itli comparatively slender stipes 
about 2 mm. thick; the pericarp of these carpels is 0.7-1 mm. thick, and the 
seeds are 2 or 4 in number and only 6-10 mm. long and broad. The difference 
in number of seeds does not seem consequential, as carpels associated with 
Gillespie 3133 may have as few as 4 or as many as 10 seeds. Twelve seeds 
were observed only in the single fruiting carpel of the Parham specimen. 
The differences here pointed out among the available specimens seem no 
more than individual, and*I confidently refer the material to a single species. 
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MYRISTICACEAE 


Myristica macrantha A. C. Sm. in Bishop Mus. Bull. 141: 67. /. 33. 
1936, in Bull. Torrey Bot. Club 68: 399. 1941. 

Viti Levtt : Naitasiri: Mt. Korombamba, alt. 300-400 m., in dense forest 
on upper slopes, Parks 20123 (Bish). 


This species has previously been known only from two collections from 
Vann a Levu. 


crtjciferae 


Senebiera didyma (L.) Pers. Syn. PI. 2: 185. 1806. 

Yiti Levu : Tholo North : Nandarivatu, alt. about 800 m., Greenwood 880 
(GH) (semiprostrate in waste places). 

Although this widespread weed has been reported from other Pacific 
groups, including Tonga, 1 believe that it lias not otherwise been recorded 
from Fiji. 

capparidaoeak 


Gynandropsis speciosa (H. B. K.) I)C. Prodr. 1: 238. 1824. 

Fiji, without definite locality: Gillespie 2H21 (Bish, GH) (flowers 
dull rose-pink). 


This tropical American plant, although now known in many parts of the 
Old World tropics as a weed, has apparently not been reported from Fiji 
or the adjacent regions. The genus is also new to Fiji. 


leguminosae 

Samanea Saman (Jacq.) Merr. in Jour. Wash. Acad. Sci. 6: 47. 1916. 

Viti Levtt : Tholo North : Vicinitv of Nandarivatu, alt. 700 m., Gillespie 
4378 (Bish). 

The widely cultivated rain-tree, a native of northern South America, has 
been reported from several Pacific groups, but as far as 1 know it has 
previously escaped notice in the literature pertaining to Fiji. 

Albizzia Lebbeck (L.) Bonth. in Ilook. Loud. Jour. Bot. 3: 87. 1844. 

Viti Levu: llewa: Along the coast between Suva and Land, Gillespie 
2064 (A, Bish). 

This widely cultivated plant has not been previously reported from 
Fiji, although records of it from many other Pacific groups are found in 
literature. It is probably a native of the drier parts of Africa and Asia. The 
genus has not otherwise been recorded from Fiji. 

Acacia Farnesiana (L.) Willd. Sp. PL 4: 1083. 1805. 

Yiti Levu: Ra: Ellington, on strand, Parks 20856 (Bish) (tree 4 m. 
high). 

This species, well established in most tropical countries and probably a 
native .of America, has not previously been reported from Fiji in taxonomic 
literature. Its occurrence has been noted in most of the major Pacific groups. 

Mimosa invisa Mart, in Flora 20: Beibl. 121.1837. 

Sehrankia distachya “vel aff. ,, sensu A. C. Sm. in Sargentia J: 36. 1942; 
non DC. 
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Mr. William Greenwood rails my attention to the fact that the sterile 
specimen (Greenwood 838) which I referred tentatively to Schrankia dis- 
tachya in 1942 actually represents Mimosa invisa. This latter species has 
been reported from Fiji by Mr. B. E. V. Parham in the Agricultural Journal 
of the Department of Agriculture, Fiji, in a recent number which is not yet 
available to me. Apparently seeds of this weed were accidentally introduced 
into Fiji from Malaysia, where the Brazilian plant has been established for 
some time; it has not been reported otherwise from the Pacific. Mr. Parham 
reports it from Singatoka and Tailevu on Viti Levu. The genus Schrankia 
is therefore not known from Fiji. 

Batthinia monandra Kurz in Jour. As. Hoc. Beng. 42(2): 72. 1873. 

Fiji, without definite locality : Gillespie 4399 (A, Bish). 

Although reported from various other Pacific regions, this species, proba¬ 
bly a native of tropical America, is apparently here listed from Fiji for 
the first time. 

Pueraria Thunbergiana (Sieb. &Zucc.) Benth. in Jour. Linn. Soc. Bot. 
9: 122. 1867; A. C. Sm. in Sargentia 1: 39. 1942. Pachyrhizus trilobus 
sensu Seem. FI. Vit. 63. 1865; Horne, A Year in Fiji 265. 1881; Guppy, Obs. 
Nat. Pac. 2: 412, 413. 1906; Gibbs in Jour. Linn. Soc. 39: 209. 1909; non DC. 
Pachyrhizus anyulatus sensu Horne, A Year in Fiji 86. 1881; non Rich. 

Taveitni: Gillespie 4702 (Bish) ; vicinity of Waiyevo, alt. 100 m., Gilles¬ 
pie 4703 (A, Bish) (fls. violet). Without definite locality: Seemann 114 
(UR), Horne 463 (GH). 

1 am indebted to Mr. William Greenwood, of Lautoka, for pointing out 
to me that Seemann had misidentified his plant (no. Ill) and had been 
followed in this determination by Horne, Guppy, and Gibbs. The cited notes 
of these writers refer to Pueraria Thunbergiana , as does the well known 
Fijian name yak a. This species was doubtless an early introduction into Fiji 
and may still be used as an emergency food plant. 

The genus Pachyrhizus should therefore be excluded from lists of the 
Fijian flora. For notes on the identity of Pachyrhizus trilobus (Lour.) DC. 
|-Pueraria Thomsoni Benth. |, see Merrill (Comm. Lour. FI. Cochinch. 211. 
1935) and Rehder (in Jour. Arnold Arb. 18: 209. 1937). It is probable that 
certain other references to the occurrence of Pachyrhizus in the Pacific area 
will also be found to pertain to Pueraria Thunbergiana. 

meliaoeae 

Aglaia Parksii A. C. Sm., sp. nov. 

Arbor ad 5 m. alta, ramulis teretibus apicem versus ad 7 mm. crassis 
juventute densissime ferrugineo-tomentosis (pilis stellatis multiramulosis, 
ramulis nonnull is ad 1 mm. longis reliquis brevioribus demum descitis, pel ta 
persistente et lit videtur multiciliata) ; foliis pinnatis ad 70 cm. longis, 
petiolis 14-18 cm. longis basi valde incrassatis et rhachi subteretibus ut 
ramulis dense tomeutosis; foliolis 9 oppositis vel suboppositis, petiolulis 
tomentosis, lateralibus 6-13 mm. longis, laminis papyraceo-ehartaceis ob- 
longis (vel inferioribus subellipticis), 10-25 cm. longis, 5.5-8 cm. latis, basi 
anguste vel late rotundatis et subcordatis interdum inaequalibus, apice ob- 
tusis, margine integris et undulato-recurvatis, su])ra glabris vel costa parce 
tomentosis, obscure impresso-glaudulosis, subtus costa pilis ut eis ramulormn 
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tomentosis ceterum glabris, costa supra leviter canaliculata vel subplaua 
subtus prominente, nervis seoundariis utrinsecus 12-19 (-25) patentibus 
marginem versus anastoinosantibus supra subplanis subtus leviter elevatis, 
rete venuJarum utrinque subpiano vel supra iusculpto subtus leviter 
proniinulo; infloreseentiis axillaribus raeemosis vel forsan anguste panicu- 
latis post anthesin 3-4.5 cm. longis paueifloris ubique dense stellato-tomen- 
tell is, peduneulo brevi vel subnullo et rhaehi gracilibus, braeteis rninutis 
mox deeiduis; pedieellis 1.5-3 mm. longis sub ealyee obscure articulatis; 
ealyce cupuliformi paullo post anthesin eirciter 2 mm. longo et 3 mm. sumino 
diametro, lobis deltoideis, 0.5-0.7 mm. longis, eirciter 1 mm. latis, acutis, 
intus glabris; petalis staminibusque non visis; ovario subgloboso dense et 
minute tomentello; fruetibus immaturis ellipsoideis persistenter tomentellis. 

Viti Levu : Naitasiri: Tholo-i-Suva, alt. 200 m., Parks 20076 (A—fragm., 
Bish— type). May 24, 1927 (tree 5 m. high, the trunk 6 cm. diam.; in thick 
bush in a wet canyon). 

Although the stamens of this species are not available, it may safely be 
referred to the Section IIcar7}in because of its obvious affinity to A. Arch - 
boldiana A. C. Sm., doubtless its closest ally. Aglaia Parksii differs from 
this, however, in its more numerous and more definitely oblong leaflets, of 
which the base is usually subcord ate and the apex obtuse. The new species 
has a sparser and shorter tomentum throughout, and this is lacking from 
the lower surface of leaflet-blades, whereas in A. Arehboldiana the blades 
are persistently tomentose beneath. The inflorescence of the new species is 
comparatively reduced and the calyx-lobes are much smaller. Another rela¬ 
tive of A. Parksii is the common A. viticnsis A. C. Sm., which differs in its 
lepidote rather than tomentose indument, its differently shaped leaflets, its 
ample paniculate inflorescence, etc. 

11IPPOC RATEA CEAE 

Salacia paciiycarpa A. 0. Sm. in Sargentia 1: 53. 1942. 

Viti Levu: liewa: Near quarry west of Land village, alt. 15 in., Gillespie 
4581 (A, Bish) (bush, on limestone rocks; fruit green). 

This is the second collection of the species, the type having come from 
northeastern Viti Levu. Like the type, the Gillespie specimen is in fruit. 

SAPINDACEAE 

Allopiiylus sublaxus Gillespie in Bishop Mus. Bull. 83: lb. f. 18. 1931. 

Viti Levtj : Tholo North : Nauwanga, near Nandarivatu, alt. about 750 m., 
Dcgf7icr 11520 (A) (tree, in dense forest). Tavetjni: Vicinity of Waiyevo, 
alt. 200-650 m., Gillespie 4731 , 4789 (Bish, Gil) (on bank of stream or in 
stream-bed in woods above coconut plantations). 

The cited specimens should be added to those originally listed by Gillespie 
from Viti Levu and Ovalau. In the specimens available to me the leaflet-apex 
varies from obtuse to short-acuminate, but in essential details there are no 
differences. All eight stamens appear to be fertile in the flowers I have 
examined, Gillespie’s mention of “fertile anthers apparently 2” and his 
illustration having been based on an injured flower. The species is closely 
allied to A. lernafus (J. R. & G. Forst.) Radik., being distinguished pri¬ 
marily by its compound inflorescences. The occurrence of A . tern at us east 
of the New Hebrides and New Caledonia is dubious. 
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Allophyhts sublnxus differs from A. riticnsis Radik, (recorded only from 
the type collection, Horne 461 |GII], without definite locality) not only in 
the foliage character mentioned by Gillespie, but also in having its petals 
obovatc and gradually narrowed toward the base rather than spatulate and 
with an obviously ligulate basal portion. 

Allophylus umbrinus A. C. 8m., sp. nov. 

Arbor parva, rarnulis graeilibus teretibus juventute pilis 0.3-1 mm. longis 
dense tomentosis demum glabratis cinereis; foliis trifoliolatis, petiolo ut 
ramulis densissime tomentoso 6-9 cm. Jongo, petiolulis tomentosis Jateralibus 
1-4 mm. terminali ad 10 mm. longis, foliolorum laminis papyraceis in sicco 
olivaceis oblongo-ellipticis (lateralibus inaequilateralibus), 11-14 cm. longis, 
5-7.5 cm. latis, basi acutis vel obtusis, apiee obtuse cuspidatis et mueronu- 
latis, marline remote mueronulato-serratis, utrimpie praccipue subtus nervis 
densissime velutinis (pilis circiter 0.8 mm. longis) supra praeter nervos 
demum subglabratis, costa subtus prominente, nervis sceundariis utrinsecus 
8-10 rectis erecto-patentibus su]>ra paullo subtus valde prom in ul is, rete 
venularum utrimjue lcviter prominulo; inflorescentiis paniculatis ad 9 cm. 
longis, rhaclii ct ramulis paucis ad 6 cm. longis brevitcr tomentosis, eincinnis 
subsessilibus sub anthesi plerumque unifloris, bracteis lanceolatis circiter 1 
mm. longis dorso brevitcr hispidis, pedicellis graeilibus glabris sub anthesi 
circiter 1.5 mm. longis; scpalis 4 membranaceis late rotundatis, 1-1.3 mm. 
longis, intcrioribus circiter 2 mm. longis, exterioribus minoribus, marline 
obscure ciliolato cxccpto glabris; petalis 4 membranaceis obovatis, 1-1.2 mm. 
longis et latis, infra medium gradatim angustatis, undulato-marginatis et 
a pice lcviter emarginatis, supra unguem marline incurvatis et pilis circiter 
0.3 mm. longis conspicue hirsutis; disci glandulis subcarnosis semiorbiculari- 
bus circiter 0.4 mm. diametro parce pilosis; staminibus 8, filamentis flliformi- 
bus circiter 1.5 mm. longis villosis, antheris subgloboso-oblongis circiter 0.4 
mm. longis; pistilli rudimento villoso. 

Viti Leyu: Tholo North : Nandarivatu, alt. 1000 m., Gillespie 4160 (A— 
type, Bish), Dec. 3. 1927 (small tree, in dark woods on stream above swim¬ 
ming i)ool; native name: si tu). 

Allophylus umbrinus is very closely allied to A. sublnxus Gillespie, its 
flowers differing only in the villose rather than glabrous filaments. However, 
the new species is readily distinguished by the conspicuous soft pubescence 
of its branehlets, petioles, leaflet-blades, and inflorescence branches. In A. 
sublnxus these parts are glabrous, or at least subglabrate and never more 
than inconspicuously puberulent. 

Allophylus timorensis (TX\) Bl. Rumphia 3: 130. 1847; Iiadlk. in 
Pflanzenr. 98b (IV. 165): 587. 1932. 

Iv ambara : Limestone formation, alt. 0-100 m. Smith 12H7 (Bish, GII) 
(slender shrub 2 m. high, in thickets; fruit red; native name: svndamu). 
Fulanoa : Limestone formation, alt. 0 -80 m.. Smith 11 il (Bish, GH) (tree 
8 m. high, in forest; petals and stamens white), 1161 (Bish, GII) (shrub 2 m. 
high, in thickets; stamens white). 

Although this widespread and common species has been extensively re¬ 
ported from the adjacent groups, such as the New Hebrides and Samoa, it 
has apparently escaped previous notice in Fiji. 
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RHAMNACEAE 

Rhamnella Miq. Ann. Mus, Bot. Lugd.-Bat. 3: 30.1867. 

Dallachya F. v. Mu ell. Fragm. Phyt. Austral. 9: 140. 1875; syn. nov. 

Because the genus Rhamnella has not previously been reported east of 
continental Asia, Japan, and Hainan, the reduction of Dallachya to its 
synonymy is proposed only after careful consideration of generic lines in 
the Tribe Zizypheae. Dallachya , a montoypic genus based on Rhamnus 
vitiensis Benth., was originally placed in the vicinity of Ventilago Gaertn. 
and Smythca Seem., but the fruit immediately excludes it from the Tribe 
Ventilagineae. Weberbauer (in E. & P. Nat. Pfl. 3(5): 407. 1895) mentions 
Dallachya as a genus of uncertain position, probably belonging in the Tribe 
Zizypheae. In the characters of its flowers and fruits, Dallachya vitiensis 
seems to be practically indistinguishable, even in the smallest details, from 
several species of Rhamnella as interpreted by C. Schneider (in Sargent, PI. 
Wils. 2: 222-226. 1914). 

The Australian-Pacific species is apparently closest to R. rubrinercis 
(Levi.) Rehder [72. hainanensis Merr.], from which it differs in its glabrous 
habit, details of its leaf-margin and venation, and its strictly fasciculate 
flowers and fruits. 

Rhamnella vitiensis (Benth.) A. C. Sm., comb. nov. Colnbrina vitiensis 
Seem. Mission to Viti 434, nomen. 1862. Rhamnus vitiensis Benth. FI. 
Austral. 1: 413. 1863; Seem. FI. Vit. 42. 1865; Warb. in Bot. Jahrb. 13: 368. 
1891; Burkill in Jour. Linn. Soe. Bot. 35: 32. 1901. Bcrchcmia Fournicri 
Panch. & Seb. in Seb. Not. Bois Nouv. Cal. 236. 1874; Guillaumin in Ann. 
Mus. Col. Marseille II. 9: 120. 1911; Schinz & Guillaumin in Sarasin & Roux, 
Nova Cal. Bot. 1: 174. 1920; Guillaumin in Jour. Arnold Arb. 12: 238. 1931; 
Daniker in Vicrteljahres. Nat. Ges. Zurich 78: Beibl. 19: 251. 1933. Dal¬ 
lachya vitiensis F. v. Muell. Fragm. Phvt. Austral. 9: 140. 1875; Weberb. 
in E. & P. Nat, Pfl. 3(5): 407. 1895; Lauterb. & K. Schum. FI. Deutsch. 
Schutzgeb. Sudsee 426. 1901; Lauterb. in Bot, Jahrb. 57: 330. 1922. 
Bcrchcmia crcnulata Panch. ex Guillaumin in Ann. Mus. Col. Marseille II. 
9: 120, nomen. 1911. 

From the specific epithet, one would naturally expect this species to be 
typified by a Fijian collection, but this is not the case. Seemann’s mention 
of Colnbrina vitiensis refers to his no. 85 , but there is no description and 
therefore the name lias no standing. The same collection had already been 
mentioned by Gray (in Proc. Am. Acad. 5: 316. 1862, in Bonplandia 10: 
35. 1862) as a probably new species of Rhamnaceae, but without definite 
mention of a genus. Therefore Bentham’s description in 1863 must be taken 
as the basis of the binomial. This description appears to have been based 
entirely on a MacGillivrav collection from Cape York, Queensland. Bentham 
cites Colnbrina vitiensis Seem, as a synonym and remarks: “Apparently the 
same species was gathered in the Fiji Islands by Seemann, and his specimens 
have young fruits, of an obovoid-oblong shape, which, as far as they go, agree 
with those of Rhamnus.” 

Fortunately Bentham appears to have been correct in his belief that the 
Australian and Fijian plants are conspecific; at least, on the basis of the 
collections now available, I cannot distinguish the Pacific from the Austra¬ 
lian material. The species has been reported from Queensland, New Guinea, 
New Caledonia, the Loyalty Islands, the New Hebrides, Fiji, and Tonga. 
I have seen the following Fijian specimens: 
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V iti Levit : Lautoka: North of LomoJomo, alt. 90 m., Drgener & Ordonez 
13713 (A) (tree 3 m. high, in dry forest). Kandavu: Hills above Namalata 
and Ngaloa Bays, alt. 200-400 in., Smith 123 (Bish, GH) (scandent shrub, in 
forest; anthers yellowish). Fulanga : Limestone formation, alt. 0-80 m., 
Smith 1113 (Bish, GH) (gnarled tree 3 in. high, on cliffs; flowers pale 
yellow; native name: taka). Without definite locality: Scemann 85 
(source of the name Coluhrma vitiensis Seem., GH). Mr. William Greenwood 
informs me that he has collected this species at Lautoka and also at Lambasa, 
Math u at a, Vanua Levu. 

My conclusions as to the specific identity of plants from various Pacific 
and Australian regions are based upon examination of the following collec¬ 
tions : 

Queensland: Rockingham Bay, Dallachy (Oil) ; Palm Island, Bancroft 
(A); Daintree River, alt. 10 m., Kajnvski 1101 (A), 1464 (A) (common 
vines on rain-forest trees; fruit black when ripe, up to 9 by 7 mm.). New 
Caledonia: Balansa 950 (A) ; Lc Rat 66 (A). New Hebrides: Aneityum: 
Auelgauhat Bay, alt. 30 m., Kajnvski 738 (A). 

Golubkina papuana Merr. & Perry in Jour. Arnold Arb. 22: 264. 1941. 

V iti Levit : Tholo North : Nandarivatu, alt. about 900 m., Greenwood 856 
(A) (tree about 13 m. high; trunk 45 cm. diam.; young fruits yellow 7 ) ; 
Tholo East: Taulevu-Vunindawa track, alt. about 150 m., B. E. Parham, 711 
(A) (shrub 3 m. high, in grassland) ; Naitasiri: Nasinu, 9 miles from Suva, 
alt. 150 in., Gillespie 3599.9 (Bish), 3661 (A, Bish) (tree 10 m. high, 
copiously branching; trunk 12 cm. diam.; fruit dull russet-green, the seeds 
orange-red). Without definite locality . Horne 1116 (Bish). 

The cited specimens, all of w hich are in fruit, appear to me quite identical 
with the three New 7 Guinean specimens cited in connection with the original 
description. There seems no doubt as to the place of the plant in Coluhrina; 
the fruit-shape and the method of dehiscence suggest the common C. asiatica 
(L.) Brongn., from which (\ papuana is at once distinguished by its dif¬ 
ferent foliage and larger fruits with thicker valves and larger seeds. The 
occurrence of this New Guinean species in Fiji is surprising, but possibly 
future collections in the Solomons and the New 7 Hebrides w r ill solidify the 
range. It is possible, of course, that discovery of fhnvering material in Fiji 
w r ill make specific recognition of our plant advisable, but in view of the 
remarkable similarity of our material to that of New 7 Guinea, in foliage and 
fruit, I doubt if such separation will prove feasible. 

FLACOTTRTIACEAE 

Xylosma Bryanii A. (\ Km., sp. nov. 

Frutex inermis parvus ad 1 m altus, ramulis gracilibus subteretibus ob¬ 
scure lenticellatis et petiolis juventute obscure puberulis demum glabrescen- 
tibus; petiolis gracilibus leviter canaliculatis 3-5 mm. longis; laminis 
ehartaceis glabris in sicco fuscis obovatis vel elliptico-obovatis, (1.5-) 2-3 cm. 
longis, 1-2.2 cm. latis, basi acutis vel obtusis et in petiolum inconspicue 
decurrentibus, apice rotundatis, margine integris et conspicue sed anguste 
revolutis, subtus dense et minute glanduloso-ceriferis, costa supra prominula 
subtus elevata, nervis secundariis utrinsecus 2 vel 3 adscendentibus anastomo- 
santibus utrinque prominulis, rete venularum utrimpie obscure prominulo; 
inflorescentiis j solis visis axillaribus breviter raeemosis 2-4-floris, rhachi 
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2-3 mm. longa puberula, bracteis ovato-deltoideis subacutis puberulis cir- 
citer 1 mm. longis et 0.7 mm. latis, pedieellis gracilibus 5-6 mm. longis 
obscure puberulis; sepalis 4 submembranaeeis ovatis vel ellipticis, sub 
anthesi eirciter 2 mm. longis et latis sub fructu paullo majoribus et per¬ 
sistent ibus, apice rotund at is vel obtusis (interioribus interdum 2- vel 3- 
lobatis), extus glabris vel obscure et minute puberulis, intus dense pallido- 
sericeo-puberulis; disco parvo obscure crenulato; ovario glabro ovoideo sub 
anthesi eirciter 1.5 mm. longo, stylo brevi crasso, placentis 2 inconspicuis, 
ovulis eirciter 4 per placentam, stigmate obscure lobato; fructibus ovoideis 
vel ellipsoideis, maturitate 8-9 mm. longis et 5-7 mm. latis, stylo eirciter 1 
mm. Ion go coronatis, periearpio erasso-carnoso, placentis oppositis, seminibus 
eirciter 5 castaneis ovoideis, eirciter 3.5 ab 2.5 mm., basi obtusis, apice 
rotundatis. 

Ongea: Rocky islet off shore of Ongea ndriti, alt. 10-20 m., Bryan 392 
(A—fragm., Bish— type), July 26,1924 (small shrub, 0.5-1 m. high ; flowers 
green and white; fruit green to purple). 

Xylosma Bryanii is very distinct among Pacific species, being distin¬ 
guished by its diminutive habit, small revolute-margined leaf-blades, com¬ 
pact inflorescences, and ovaries with two placentas. In Sleumer’s treatment 
(in Notizbl. Bot. dart. Berlin 14: 288-297. 1938) it may be placed near .V. 
ovatum Benth. of Australia, a species with slightly larger leaves, more 
numerous flowers, shorter pedicels, smaller sepals, more prominent placentas, 
and fewer ovules. 

It is a pleasure to name the new species for the collector, Dr. E. H. 
Bryan, Jr., Curator of the Bernice P. Bishop Museum. 

Xylosma Archboldianttm A. C. 8m. in 8argentia 1: 61. 1942. 

Viti Levu : Eewa : Korombamba Mt., alt. about 420 in., B. E. Parham 1269 
(A) (shrub, in forest). 

The second collection of this recently described species, collected near the 
southeastern rather than the northeastern coast of Viti Levu, bears mature 
staminate flowers and is slightly more robust than the type, with which it is 
identical in all essential characters. The following amplification of the 
original description is now possible : 

Frutcx, petiolis ad 12 mm. longis, laminis ad 8 cm. longis et 5 cm. latis; 
inflorescentiis J' maturis axillaribus solitariis racemosis 7- vel 8-floris, rhachi 
gracili eirciter 7 mm. longa, bracteis ovato-deltoideis subacutis 0.5-0.7 mm. 
longis et latis; pedieellis gracilibus sub anthesi 3-5 mm. longis, supra basim 
1-2.5 mm. articulatis; sepalis 4-6 (1 vel 2 exterioribus oblongis minoribus 
saepe deficientibus) intus pallide pilosis, late ovatis, 0.7-1.3 mm. longis, 1.4- 

l. 6 mm. latis, apice rotundatis vel mucronulatis; toro complanato disco 
incluso 1.5-2 mm. diametro; staminibus eirciter 40, filamentis gracilibus 
glabris 1.5-2 mm. longis, antheris oblongis eirciter 0.5 mm. longis et latis. 

BARRINGTONIACEAE 

Barringtonia petiolata A. C. Sm. in Bishop Mus. Bull. 141: 102. /. 54. 
1936; Knuth in Pflanzenr. 105 (IV. 219): 36. 1939. 

Viti Levu : Tholo West: Mbuyombuyo, near Namboutini, Tabualewa 
15612 (A) (tree 13 m. high, in forest) ; Naitasiri: Mt. Koinbalevu, alt. 350 

m. , Parks 20309 (Bish) (tree 15 m. high, in thick bush) ; vicinity of Nasinu, 
9 miles from Suva, alt. 150 m., Gillespie 3584 (A, Bish) (in woods; flowers 
pink). 
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This species lias previously been recorded only from the three specimens 
from Vanua Leva originally mentioned. 

MYKSINACEAF 

Discocalyx sylvestris A. (-. ttm., sp. nov. 

Arbor ad 10 m. alta ubique praeter infiorescentiae ramulos et calyces 
obscure furfuraceos glabra, ramulis gracilibus cinereis teretibus rugulosis; 
petiolis 6-10 mm. Jongis superne anguste alatis; laminis chartaceis siccitate 
fusco-olivaeeis subtus pallidiordms, obovatis, 4.5-7 cm. longis, 2.5-4 cm. latis, 
basi attenuatis et in petiolum decurrentibus, apice rotundatis, margine 
integris et minute recurvatis, costa supra subplana subtus elevata, nervis 
lateralibus utrinsecus 5-8 patentibus iminersis interdum subtus leviter 
prominulis, venulis obscuris immersis; infiorescentiis axillaribus compacte 
paniculatis ad 5 cm. longis, ramulis gracilibus minute furfuraoeis, bracteis 
oblongis 1.5-2 mm. longis caducis, pedicellis gracilibus sub authesi 2-3 mm. 
longis ]>arce furfuraceis; floribus ut videtnr hermaphroditis; calvce rotato 
cireiter 2 mm. diametro ])rofunde 5-lobato utrinqne glabro vel extra obscure 
furfuraceo, lobis delloideo-oblongis parce glanduloso-punctatis, 0.5-0.8 mm. 
longis et latis, apice obtusis vel rotundatis, margine copiose et breviter 
brunneo-ciliolatis; corolla rotata 4-4.5 mm. diametro fere ad basim 5-lobata, 
lobis oblongis cireiter 1.5 mm. longis et latis apice rotundatis nigro-glamlu- 
loso-punclatis; slaminibus quam pistillo brevioribus, antheris sessilibus 
oblongo-ovoideis cireiter 0.7 mm. longis obscure glandulosis apice obtusis; 
pistillo sub authesi cireiter 1.3 mm. longo glabro. ovario graciliter ovoideo in 
styluin crassum cireiter 0 5 mm. longum attenuato, stigmate sub])entagono, 
ovulis plcnunquc 3 ; fruclu subgloboso 4-5 mm diametro obscure glanduloso- 
lineolato, stylo persistente coronalo. 

Viti Levt t : Rewa or Naitasiri: (Vntral Road, near Suva, alt. 250 in., 
Mac Daniels / 7.V / (A— type, Bish), Apr. 13, 1927 (tree 10 m. high, the trunk 
15cm diam.;in rain-forest). 

Discocalyx sf/lccstns appears to be closely related only to 1). multi flora 
Gillespie, from which it differs in its shorter and proportionately broader 
leaf-blades with fewer and more obscure secondaries, its much more compact 
inflorescences, larger bracts, smaller and more deeply lobed corolla, and 
smaller anthers. Possibly the new species is also represented by MacDanicIs 
1070 (Bish), from the coast 4 miles west of Suva, llewa, Viti Levu, a sterile 
specimen with thinner punctate leaf-blades and more obvious venation. 

Rapanea crassiramea A. (\ Sm., sp. nov. 

Arbor paullo post anthesin ubique glabra, ramulis subreetis erassissimis 
apicem versus 5-10 mm. diametro subteretibus fusco-cinereis copiose lenticel- 
latis, cicatricibus foliorum delapsorum numerosis; petiolis crassis supra 
paullo complanatis 12-22 mm. longis; laminis eoriaeeis siccitate fuscis 
anguste obovatis, 11-15 cm. longis, 4.5-7 cm. latis, basim versus gradatim 
angustatis et basi ipso obtusis, apice late obtusis et saepe leviter emarginatis, 
margine saepe anguste recurvatis, costa supra paullo subtus valde promi- 
nente, nervis secundariis utrinsecus 12-15 cum aliis debilioribus interspersis 
erecto-patentibus anastomosantibus utrinque valde prominulis, rete venu- 
larum subimmerso vel subprominulo; infiorescentiis secus ramulos in axillis 
foliorum delapsorum copiose dispositis, e ramulis crassis verruciformibus ad 
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7 mm. longis et 4 mm. latis formatis plerumque 2-4-floris; pedicellis crassis 
circiter 1 mm. diametro 4-6 mm. longis; calyce eupuliformi tenuiter carnoso 
fere ad basim 5-7 (plerumque 6)-lobato, lobis deltoideis circiter 1.5 mm. 
longis et latis, apice subaeutis vel obtusis, marline copiose sed minute 
glanduloso-ciliolatis; corolla staminibusque non visis; ovario post anthesin 
depresso-subgloboso 1.5-2 mm. diametro, stimulate ut videtur punctiformi, 
placenta depresso-globosa, ovulis circiter 5. 

Viti Levu : Tholo North: Nandarivatu, on wooded slopes at 900 m. alt., 
Gillespie 4374 (A—fragm., Bish— type), Dec. 16, 1927. 

Rapanea crassiramea is a species without close allies in Fiji or the ad¬ 
jacent groups, characterized by its stout branehlets, large coriaceous obvi¬ 
ously nerved leaf-blades, numerous coarse inflorescence-stalks, long pedicels, 
and apparently predominantly 6-merous flowers. Its foliage suggests that of 
some of the Polynesian species described by Mez under his numbers 61-67 
(in Pflanzenr. 9 |IV. 236] : 372, 373. 1902), but those usually have 4-merous 
flowers and more highly connate sepals. 

oleaceae 

Linociera Gillespiei A. C. Sm., sp. nov. 

Arbor sub fructu ubique glabra, ramis ramulisque pallide cinereis gracili- 
bus subteretibus sparse lenticellatis nodis leviter incrassatis; foliis o|)positis 
apicein ramulorum versus 0.5-3.5 cm. distautibus, petiolis rugulosis leviter 
canaliculatis 10-15 mm. longis gracilibus (circiter 1.5 mm. diametro), 
laminis eoriaceis in sicco olivaceis vel supra pallidioribus lanceolato-ellipticis, 
10-14.5 cm. longis, 2.7-4 cm. latis, basi gradatim acutis et in petiolum 
decurrentibus, apice caudato-acuminatis (acumine 7-15 mm. longo obtuso), 
margine leviter reenrvatis, subtus siccitate inconspicue rugulosis, costa supra 
subplan a subtus prominente, nervis lateral ibus utrinsecus 5-8 arcuato-ad- 
scendent ibus marginem versus anastomosantibus supra ])lanis vel leviter 
insculptis subtus valde elevatis, rete venularmn obscuro vel subtus paullo 
prominulo; iufructeseentiis axillaribus (?) ut videtur racemosis circiter 2 
cm. longis, rhachi rugosa circiter 3 nun. diametro, pedicellis non visis; fructu 
siccitate eoriaceo ellipsoideo obtuse circumcarinato, basi et apice rotundato, 
circiter 33 ab 20 ab 16 mm., pericarpio valde ruguloso, vivo forsan crasse 
carnoso. 

Viti Levu : Tholo North : Vicinity of Nandarivatu, near summit of Lorn a 
Langa Ml., alt. 1150 m., Gillespie 4383 (A—fragm., Bish— type), Dec. 13, 
1927. 

The only species of Linociera which has been reported from Fiji or 
adjacent groups to the east is L. pauciflora C. B. Clarke, mentioned by 
Burkill (in Jour. Linn. Hoc. Bot. 35: 45. 1901) as occurring in Fiji and 
Tonga. However, neither of the species here described as new is closely re¬ 
lated to L. pauciflora , which is based on a specimen from Penang and which 
doubtfully extends into the Pacific. The only species thus far reported from 
the New Hebrides is L. rami flora Wall., not a close relative of either of the 
new* species. Linociera sessili flora Hemsl., from Papuasia and Micronesia, 
has leaves resembling those of L. Gillespiei in shape and texture, but w T itli 
much shorter petioles. The inflorescence of L. sessili flora is fasciculate and 
compact, whereas both L. Gillespiei and L. vitiensis (below described), as far 
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as can be ascertained from fruiting; specimens, have racemose inflorescences 
and thus might be better placed in Lingelsheim’s Racemosae (in Bot. Jahrb. 
61: 6, 7. .1927). The actual relationships of the two new Fijian species cannot 
yet be definitely established, but they are well characterized by their short 
and presumably racemose inflorescences and large fruits. 

Linociera vitiensis A. C. 8m., sp. nov. 

Arbor 5 m. alta sub fruetu ubique glabra, ramulis einereis vel distaliter 
pallide fuscis conspicue lenticellatis subteretibus, apicem et nodos incrassatos 
versus complanatis; foliis oppositis 2-8 cm. distantibus, petiolis castaneis 
rugulosis canaliculatis 12-16 mm. longis 1-1.5 mm. diametro, laminis cori- 
aceis olivaceis eoneoloribus late ellipticis, 7-10 cm. longis, 4.5-5.5 cm. latis, 
basi in petiolum abrupte attenuatis, apice obtuso-cuspidatis vel subito in 
acumine obtuso ad 9 mm. longo acuminatis, margine paullo recurvatis, costa 
supra sub])lana subtus prominente, nervis lateralibus utrinsecus plerumque 
5 ereeto-patentibus infra marginem anastomosantibus supra leviter in- 
sculptis subtus elevatis, venulis immersis vel subtus inconspicue prominulis; 
infruetescentiis axillaribus vel e ramulis infra folia orientibus racemosis 
circiter 2 cm. longis, rhaehi circiter 2 mm. diametro, pedicellis paucis valde 
rugosis incrassatis 8-4 mm. longis; fruetu siccitate coriaceo (vivo carnoso 
luteo) ellipsoideo obtuse circumcarinato, basi et apice rotundato, circiter 80 
ab 17 ab 14 nun., pericarpio valde ruguloso, vivo levi. 

Taveuni: Borders of lake east of Somosomo, alt. 700-900 m., Smith H6i 
(Bish, (ill —type), Dec. 29, 1938 (tree 5 m. high, in dense forest on island in 
swamp; fruit yellow; native name: lolovata). 

Linociera vitiensis is doubtless a close relative of the preceding new 
species, L. Gillespiei , the two being readily distinguished by obvious foliage 
characters. 


APOC Y N APEAK 

Bleekeria vitiensis (Markgraf) A. C. Sm., comb. nov. Excavatia vitiensis 
Markgraf in Bishop Mus. Bull. 141: 127. /. 66, h , c. 1936. 

Merrill and Perry (in dour. Arnold Arb. 24: 213. 1943), in a recent dis¬ 
cussion of Blctkcria Ilasskarl, point out that Excavatia Markgraf (in Bot. 
Jalirb. 61: 195. 1927) represents the same concept. Many of the necessary 
transfers from the inclusive genus Ochrosia Juss. to Bleekeria were made by 
Koidzumi in Bot. Mag. Tokyo 37: 52. 1923. Among these combinations, which 
are not in general herbarium use, is Bleekeria elliptica (Labill.) Koidz. for 
the well-known Ochrosia elliptica Labill., which occurs in Fiji. This species 
was inconspicuously transferred to Excavatia by Markgraf as Excavatia 
elliptica (Labill.) Markgraf, in Bishop Mus. Bull. 141: 128. 1936. 

Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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Turrell, F. M. & Bauguess, L. O. Histological responses of stock ( Maihiola 
incana) seedlings treated with B-indolyl acetic acid. Proc. Iowa Acad. 49: 
133-138. f. l-o. 1942 [My 1943]. 

Turrell, F. M. & Kersten, H. A qualitative study of the effect of soft x rays on 
the activity of B-indolyl acetic acid as a growth substance. Proc. Iowa 
Acad. 49: 139-143. /. 1 , 2. 1942 [My 1943]. 

Voigt, J. W. A preliminary investigation of the effect of the descaling of winter 
buds on their growth in east central Illinois. Trans. 111. Acad.' 35: 79, 80. 
D 1942. 
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Voth, P. D. Effects of nutrient-solution concentration on the growth of Mar - 
chanha polymorpha. Hot. Gaz. 104: 591-001. /. 1-3. 30 Je 1943. 

Watson, S. A. Preliminary studies on riboflavin (vitamin B,) content of plant 
materials. Trans. 111. Acad. 35: 84, 85. I) 1942. 

Weiss, M. G. Inheritance and physiology of efficiency in iron utilization in soy¬ 
bean. Genetics 28: 253-208. f. 1-3. M v 1943. 

GENETICS 

(including cytogenetics) 

(See also under Plant Physiology Weiss) 

Christensen, H. M. & Bamford, R. Haploid* in twin seedlings of pepper, Capsi - 
ram Annum L. dour. Tiered. 34: 99-104. /. 1 -,2. A]i 1943. 

Jodon, N. E. & Beachell, H. M. Rice dwarf mutations and their inheritance. 

Jour. He red. 34: 155-Kid. f. 11-11. My 1943. 

Krug, C. A. Chromosome numbers in the subfamily Auiantioideae with special 
reference to the genus Citrus. Bot. Gaz. 104: 002-011. /. 1-11. 30 Je 1943. 
Myers, W. M. Analysis of variance and covariance of chromosomal association 
and beha\ ioi during meiosis in clones of Dactyhs ytomerata. Bot. Gaz. 
104: 541-552. 30 Je 1943. 

Pope, M. N. Cleavage polyembiyony in barley. Jour. Ileied. 34: 153, 154. /. 11. 
My 1943. 

Rick, C. M. Cyto genetic consequences of x-ray treatment of pollen in Petunia. 

Bot. Gaz. 104: 528-540. f . 1-3. 30 Je 1943. 

Rick, C. M. The x-ray induced mutation late in pollen in i elation to dosage and 
the nuclear cycle. Genetics 28: 237-252. /. 1-3. My 1943. 

Smith, H. H. Effects of genome balance, polyploidy, and single extra chromo¬ 
somes oil size in V icotiana. Genetics 28: 227-230. f. 1, J. My 1943. 

Smith, L. Relation of polyploidy to heat and x-ray effects in the cereals. 

Jour. Ilered. 34: 131-134. f. J, J. My 1943. 

Smith, W. K. Propagation of cliloiophyll deficient sweetdovei hybrids as grafts. 

Join. Ilered. 34: 135-140. f. 3-3. My 1943. 

Stewart, R. N. Oecuireneo of nneuploids in Lilium. Bot. Gaz. 104: 020—620. 
/. l-lfi. 30 Je 1943. 

Wagner, W. H. Hybridization by i emote control. Am. Fern Jour. 33: 71-73. 
Ap-Je 1943. 

MYCOLOGY AND PHYTOPATHOLOGY 

Bitancourt, A. A. Plant pathology in Brazil. Chron. Bot. 7: 318-320. Je 1943. 
Drechsler, C. Two new bnsidiomycetous fungi parasitic m nematodes. Jour. 

Wash. Acad. 33: 183-189. /. /, 3. 15 Je 1943. 

Gilman, J. C. Illustrations of the fleshy fungi of Iowa. III. The ldack-spored 
Agarics. Proc. Iowa Acad. 49: 153—158. f. 1—3. IV. Common fleshy’ 
Ascomycetes. 159-171./. 1—13. 1942 [My 1943]. 

Gilman, R. Slime molds of Benzie County, Michigan. Proc. Iowa Acad. 49: 189, 
190. 1942 | My 1943]. 

Grumbein, M. L. Typhtda juncea in Iowa. Proc. Iowa Acad. 49: 185-187. f. 1 . 
1942 [My 1943]. 

Hart, H. & Allison, J. L. A browning reaction to stem rust in wheat. Phyto¬ 
pathology 33: 484-496. f . 1-3. Je 1943. 

Johann, H. Fhoma terrestris in the roots of mature maize plants. Phyto¬ 
pathology 33: 520-528. /. 1. Je 1943. 
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Johnson, H. W. & Koehler, B. Soybean diseases and their control. U.S.D.A. 
Farmers * Bull. 1937: 1-24. f. 1-16. My 1943. 

Karling, J. S. The simple holocarpie biflagellatc Pliyeomycetes. i—or, 3-123. pi. 
1-25. f. a—m. New York, the author, 1942. 

Keitt, G. W. & Clayton, C. N. A destructive virus disease of sour cherry. Phyto¬ 
pathology 33: 449-4(18. f. 1-8. Je 1943. 

Kolk, L. A* Germination of grass smuts. Am. dour. Bot. 30; 317-330. pi. 1-4. 
25 My 1943. 

Lentz, P. L. The genus Thvlephora in Towa. Proc*. Iowa Acad. 49: 175-184. 
f. 1-7. 1942 [My 1943J. 

Martin, G. W. Notes on Iowa fungi. IX. Proc. Iowa Acad. 49: 145-152. 1942 
[My 1943]. 

Smith, J. E. & Shaw, K. J. Pathogenicity studies with fusaria isolated from 
tobacco, sweet potato and cotton. Phytopathology 33: 409-483. f. 1 , 2. 
Je 1943. 

Smith, O. F. & Allen, M. W. The bulb or stem nematode on alfalfa, sweet clover, 
and white clover. Phytopathology 33: 525, 520. Je 1943. 

Sparrow, F. K. Aquatic Pliyeomycetes exclusive of Saprolegniaceae and Ppthiinn. 
i-xiJT, 1-785. /. 1-69. Ann Arbor, ITniv. Michigan Press, 1943. 

Thomas, R. C. Composition of fungus liypliae. IV: Phiftophihora. Ohio Jour. 
Sci. 43: 135-138. My 1943. 

Tulk, M. Some notes on the fungi of Henry County. Proc. Iowa Acad. 49: 173, 
174. 1942 |My 1943]. 

PALEOBOTANY 

Hansen, H. P. A pollen study of two bogs on Orcas Island, of the San Juan 
Islands, Washington. Bull. Toney Club 70: 230-243. f. 1-2. 1 My 1943. 

Hoskins, J. H. & Cross, A. T. New’ interpretations of SphrnoplufllosUtchps based 
on a petrified specimen from an Iowa coal ball. Trans. Ill. Acad. 35: (18, (>9. 
1) 1942. 

Hoskins, J. H. & Cross, A. T. Notes on a new specimen of Lcpulostrobus nnbn- 
catus Hoskins and Cross. Am. Midi. Nat. 29: 539-541. /. 1—4. Mr | Ap | 1943. 

Hoskins, J. H. & Cross, A. T. Lcpirfoatrohus aristalus Hoskins and Cross, a 
homonym. Am. Midi. Nat. 29: 542. Mr [Ap] 1943. 

Potzger, J. E. & Otto, J. H. Post-glacial forest succession in northern New .Jersey 
as shown by pollen records fiom five bogs. Am. Jour. Bot. 30: 83-87. 31 Mr 
1943. 

Wilson, L. R. A Cross, A. T. A study of the plant micro-fossil succession in the 
bottom deposits of Crystal Lake, Vilas County, Wisconsin, and the peat of 
an adjacent bog. Am. Jour. Sci. 241: 307-315. f. 1, 2. My 1943. 

ECOLOGY AND PLANT GEOGRAPHY 

(See also under (Jenera 1 Botany* Ochotercrm) 

Acosta Solis, M. Anotaciones sobro la vegetacid del Norte do Quito: Dcsde coto- 
collao y San Antonio llasta el Rio GuayUnbamba. Flora 2: 101-113. f. 18- 
25. T) 1942. 

Anderson, W. A. A fen in northwestern Iowa. Am. Midi. Nat. 29: 787-791. 
My | Je] 1943. 

Cain, S. A. Sample-plot technique applied to alpine vegetation in Wyoming. Am. 
Jour. Bot. 30: 240-247. f. 1-7. Ap 1943. 

Cook, C. W. A study of the roots of Bromvs inermis in relation to drought resis¬ 
tance. Ecology 24: 109-182. f. 1-5. Ap 1943. 
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Darlington, H. C. Vegetation and substrate of Cranberry Glades, West Vir¬ 
ginia. Bot. Gaz. 104: 371-393. /. 1-17. 31 Mr 1943. 

Daubenmire, R. F. Vegetational zonation in the Rocky Mountains. Bot. Rev. 
9: 325-393. Je 1943. 

Frazier, J. C. Nature and rate of development of root system of Convolvulus 
arvvnsis. Bot. Gaz. 104: 417-425. /. 1-9. 31 Mr 1943. 

Hall, T. F. & Penfound, W. T. Cypress-gum communities in the Blue Girth 
swamp near Selma, Alabama. Ecology 24: 208-217. f. 1-4. Ap 1943. 
Hansen, H. P. Paleoecology of a peat deposit in east central Washington. North¬ 
west Kci. 17: 35—40. My 1943. 

Harris, H. L. & Drew, W. B. On the establishment and growth of certain legumes 
on eroded and uneroded sites. Ecology 24: 135-148. /. 1-8. Ap 1943. 

Hupp, E. R. Plankton and its relationship to chemical factors and environment 
in White River Canal, Indianapolis, Indiana. Butler Univ. Bot. Stud. 6: 
30-53. My [.Je] 1943. 

Juday, C. The summer standing crop of plants and animals in four Wisconsin 
lakes. Trans. Wis. Acad. 34: 103-133. 1942 [Ap 1943]. 

Keller, C. O. A comparative study of three Indiana bogs. Butler Univ. Bot. 
Stud. 6: 65-80. My | Je] 1943. 

Leon, H. Vegetacidn de las Teriazas de Maisi. Rev. Hoc. Geograf. Cuba 2: 
33-49. /. 1-1 J. Ap-Je 1942. 

McVaugh, R. The vegetation of the granitic Rat-rocks of tin* southeastern United 
States. Ecol. Monogr. 13: 119-165. /. 1-86. Ap 1943. 

Myers, R. M. The vegetation of Idaho. Denison Univ. Bull. 43'*: 32-39. f. 1. 
Ap 1913. 

Patterson, P. M. Some ecological observations on bryophytos. Bryologist 46: 
1-13. Mr | 10 My ) 1943. 

Potzger, J. E. Pollen study of five bogs in Price and Sawyer Counties, AViscon- 
siii. Butler Univ. Bot. Stud. 6: 54-04. My |Je| 1943. 

Potzger, J. E. & Friesner, R. C. An ecological suney of Berkey Woods: a rem¬ 
nant of forest piimeval in Kosciusko County, Indiana. Butler Univ. Bot. 
Stud. 6: 10-16. My [Je] 1943. 

Potzger, J. E. & Van Engel, W. A. Study of the rooted aquatic vegetation of 
Weber Lake, Vilas County, Wisconsin. Trans. Win. Acad. 34: 149-166. 
f . 1 - 6 . 1942 [Ap 1943]. 

Vestal, A. G. l T ncqual scales for rating species m communities. Am. .Jour. Bot. 
30: 305-310. /. /. 25 My 1943. 

Welch, W. B. A study of the phytoplankton of (Tab Orchard Lake. Trans. TU. 
Acad. 35: 81, 182. f. 1-8. D 1942. 

(iKNKKAL BOTANY 
(including biography) 

Asmous, V. C. K. A. Timinazc\ (1843-1920), an appreciation. Cliron. Bot. 7: 
301, 311. Je 1943. 

Bean, R. C. Arthur Herbert Norton. Rliodora 45: 217-220. Je 1943. 

Blaydes, G. W. staining inulin crystals in plant tissues. Ohio Jour. Sri. 42: 
81, 82. Mr 1943. 

Buchholz, J. T. Charles Joseph Chamberlain. Bot. Gaz. 104: 369-370. port. 31 
Mr 1943. 

House, H. C. Clarence J. Elting and his herbarium. Torreya 42: 181-190. N-D 
1942 [24 Ap 1943]. 
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Johnston, I. M. Publication dates for the botanical parts of the Pacific Railroad 
reports. Jour. Arnold Arbor. 24: 237-242. Ap 1943. 

Lloyd, F. E. The carnivorous plants, i-xv, 1-352. pi. 1-3 S + /. 1-11. Chronica 
Bot. (V)., Waltham, Mass., 1943. 

McAtee, W. L. Some local names of plants—VIII. Torrcya 42: 153-168. 
N-D 1942 [24 Ap 1943]. 

Mason, H. L. Ethel Katherine Crum. Madrono 7: 33-35. Ap 1943. 

Ochoterena, I. Outline of the geographic distribution of plants in Mexico. 
Chron. Bot. 7: 311-315. Je 1943. 

Pennell, F. W. Bontanical collectors of the Philadelphia local area. Bartonia 
21: 38-56. 27 My 1942. 22: 10-31. 7 My 1943. 

Beaver, F. J. William Sturgis Thomas. Mycologia 35: 133. port . 5 Ap 1943. 
Standley, P. C. & Steyermark, J. A. The vegetation of Guatemala, a brief 
review. Chron. Bot, 7: 315-318. 1943. 

Woodworth, R. H. Economic plants of St. John, U. S. Virgin Island. Bot, Mus. 
Leaf!. 11: 29-56. 22 Ap 1943. 

Wulff, E. V. An introduction to historical plant geography, wr, 1-223. f. 1-A5. 
Chronica Botanica, Waltham, Mass., 1943. 
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TRACY ELLIOT HAZEN 
1874-1943 

( -ornelia L. (Umov, Harold C. Bold and John Hkndlry Barnhart 

Professor Tracy Elliot Hazen, distinguished botanist and honorary life 
member of the Torrey Botanieal Club, died March 15, 1945, at Waterbury, 
Connecticut, after several years of* declining health. 1I(‘ was the youngest 
of seven brothers, three of whom, Hev. Cartel on Hazen of Middletown, Con¬ 
necticut, Kev. William Hazen of Auburndale, Massachusetts and Dr. Robert 
Hazen of Thomaston, Connecticut, survive him. He was born July 4, 1874, 
in Jericho Center, Vermont, the son of Rev. Austin Hazen and Mary Jane 
(Carleton). His early years were spent in the vicinity of his birthplace, 
where lie had ample opportunity to develop his life-long interest in plants. 

He prepared for college at the Mount Ilermon School, and was graduated 
from the T'Diversity of Vermont in 1897 with the A B. decree, Manila Cum 
Laude He was elected to membership in Phi Beta Kappa at this time. As a 
student he was keenly interested in the study of the classic's, and Ids decision 
to devote his major interest to botany was tin* occasion of disappointment for 
faculty members of the classical department. In this connection lie often 
recalled the stimulation and encouragement he had received from Professor 
L. R Jones, at that time in charge of the botanical work at Vermont. The 
meticulous care and critically keen powers of observation, which are so char¬ 
acteristic of Dr. Hazen’s later publications and researches, are already 
apparent in his senior thesis on Rphavrcllu lacusfns , a study which he later 
elaborated and published as a Memoir of the Torrey Club. The beautifully 
colored illustrations from this paper have been reproduced in numerous 
texts. Dr. Hazen remained a loxal son of the Pniversitv of Vermont, 
returning frequently to participate in the alumni activities during the 
annual Commencement week. 

During the three \ears, 1897-1900, lie pursued graduate studies in bot¬ 
any and zoology at Columbia University, receiving the A.M. degree in 1899 
and the Pli.D. the following* \ear. At the suggestion of Professor L. M. 
Underwood, he carried on critical taxonomic studies of the filamentous 
Chlorophyceae. The results of these studies were ultimately published in 
the eleventh volume of the Memoirs of the Torrey Club. He became an 
indefatigable collector during* this work. During* this period he was elected 
to membership in the Torrey Botanical Club, in the activities of which lie 
maintained an active interest until his death, serving’ as its president in 

The ]>oitrait, of Poctoi llaxeii is published with the assistance of the fttinen M. 
Underwood Memorial ftuud. 
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1934 and 1935, as associate editor in 1903-1911 and 1932-1939, and as editor 
in 1924-1931. After forty years of loyal service and annual membership he 
was elected an Honorary Life Member in 1939. 

Dr. Hazen served as Director of the Fairbanks Museum of Natural Sci¬ 
ence at St. Johnsbury, Vermont, during 1901-1902, continuing his collection 
and study of the algae, as well as of the ferns and flowering plants. He re¬ 
turned to Columbia as assistant in the Department of Botany from 1902 to 
1903. In January of the latter year he was called to Barnard College as 
Tutor, to continue the work of Miss Louise B. Dunn, who had died. Thus 
began an association with that school which was to continue for thirty-six 
years. He attained to the rank of associate professor which he held at the 
time of his retirement in 1939. 

The years at Barnard were exceedingly fruitful in research (much of 
which remains unpublished), and more especially in teaching. Few others 
have given no unstintingly, so unselfishly, and with such complete devotion 
to their students. Professor Hazen was driven by his ideal of providing 
living specimens in various stages of development for his students; he spared 
no effort, time or expense in realizing it. In the early years he traveled long 
distances by bicycle through New York City and its suburbs collecting the 
necessary material. Later, the excursions were made by public conveyance, 
always at his own expense. His hundreds of carefully chosen microscopic 
preparations were personally prepared and greatly enhanced the value of 
his courses for the student. He had an uncanny ability for transmitting his 
own extremely keen powers of perception to his students, and was never 
content until the dullest of the group had correctly observed and understood 
the most obscure features of the specimen before him. He was unflinchingly 
zealous in accomplishing this purpose, giving ungrudgingly of his leisure 
hours to all who sought help. Teaching of this high order is unfortunately 
all too rare. 

His research interests were fundamentally in the Chlorophvceae, more 
especially the unicellular Volvocales; wherever he traveled he studied, pre¬ 
served, and prepared notes and illustrations of the local representatives of 
the group. Many plates of beautifully colored illustrations executed during 
these studies bring to light a number of species and several genera new to 
science; it is hoped that these may be published. He was abundantly endowed 
with the patience, keenness and perseverance necessary for the critical 
study of these motile organisms. His publications on Lobomonaa and 
Brafhiomonos reflect countless hours of gTueling, long-continued microscopic 
observation, which were rewarded by a completeness of understanding of 
their structure and reproduction, scarcely equaled by others. His failure to 
publish much of his work may be attributed to his inordinately high ideals of 
perfection and thoroughness. In addition to the algae, Professor Hazen 
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maintained a lively interest in the angiosperms, and in this connection pub¬ 
lished his well known study of trimorphism in Ponledvria. 

Professor Hazen traveled quite extensively jh Europe, South America, 
and the West Indies, collecting and studying the local floras, and at the same 
time nurturing his increasing interest in genealogy. lie was a member of a 
botanical expedition to the high Andes of Colombia in 1922, and of Dr. 
Britton’s expeditions to Trinidad in 1920 and to Porto Kico in 1924. 

In addition to his duties at Columbia, Professor Hazen taught in the 
course on algae at the Marine Biological Laboratory, Woods Hole, Massa¬ 
chusetts, during the summers of 1924 and 1926, and served in a similar 
capacity at the Hopkins Marine Station, Pacific Drove, California, during 
the summer of 1930. 

For a number of years he served as an appointed member of the Board 
of Managers of the New York Botanical Carden from the Torrey Botanical 
Club, and was also a member of the Corporation of the Botanical Carden 
until 1942. He represented the Torrey Botanical Club at the International 
Botanical Congress in Amsterdam in 1934, at the Centenary Celebration of 
the Botanical Society of Edinburgh in 1936, and at the meeting of the 
British Association for the Advancement of Science in 1938. In spite of 
extreme debility, and against his physician's advice, he attended the cele¬ 
bration of the seventy-fifth anniversary of tin* Torrey dub in June 1942. 
This proved to be his last opportunity for active participation in the Hub’s 
activities. 

After retiring Professor Hazen gave himself more fully to genealogy, 
and achieved considerable distinction and recognition in this field, lie wrote 
several papers of genealogical interest which were published in the New 
England Historical and Cenealogical Register in 1939 and 1940 as Contri¬ 
butions for tin Trrci nt(narif of lunch //, Massachusetts, and left a number 
of other papers in manuscript. In recognition of his scholarship he was 
invited in 1939 to deliver the main address at the celebration of the Ter¬ 
centenary of Rowley. Massachusetts 

Beside the Torrey Botanical (dub Professor Hazen held memberships in 
a number of other societies, among them the American Association for the 
Advancement of Science, the Botanical Society of America, the Marine Bio¬ 
logical Laboratory, the New England Botanical Hub, the Connecticut 
Botanical Society, the American Fern Society and Sigma Xi. He was also a 
member of the Vermont Historical Society, the Massachusetts Historical 
Society, the New England Historic (Genealogical Society, the Society of 
Colonial Wars in Massachusetts, the Society of Mayflower Descendants in 
Connecticut and the Society of Sons of the American Revolution. 

In a letter to Professor Hazen’s family the Corresponding Secretary of 
the dub has aptly summarized the sentiments of its members in writing: 
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“ . . . the Torrey Botanical Club was singularly fortunate in having 
profited by the sound scholarship, the meticulous labors, the faithful devo¬ 
tion to duty, and the kindness of heart of Professor Tracy E. Hazen. All its 
members admired him, all respected him as a thorough gentleman, and all 
who knew him intimately loved him.” 

The published work of Tracy Elliot Hazen 

The life history of Sphaerclla lacustris (Hacmatococcus pluvtalis), Mem. Torrey (hub 6: 
211-246. pi SO, 87. 8 My [8 .le] 1899. 

The seventh annual winter meeting of the Vermont. Botanical Club. Rhodora 4: 64. 6 Mr 
1902. 

The Ulothrieaceae and Chaetoplioraceae of the United States. Mem. Toney (hub. 11: 

185-250. pi 20 O [ 10 8] 1902. 

The habitat of the slender cliff-brake. Torrcya 2: 176. 25 N 1902. 

Proceedings of the Club: March 8, 1904. Torrcya 4: 78, 74. 18 My 1904. 

A new handbook of the genera of freshwater algae. (Review of: West, (S. S. A treatise 
on the British freshwater algae.) Torrcya 4: 154-156. 29 O 1904. 

Drifoplvris Fdix-mas in Vermont. Fern Bull. 14: 25, 26. Mr 1906. 

Orals Briltotnar at Pownal. Bull. Vt. Bot. (hub 3: 17, 18. Ap 1908. 

Proceedings of the (hub: March 10, 1908. Torreva 8: 82, 88. 29 Ap 1908. 

Proceedings of the (hub: October 18, 1908. Torreva 8: 265, 266. 25 N 1908. 

Willis’s Flowering plants and ferns. (Review of: Willis, J. C. A manual and dictionaiv 
of the flowering plants and ferns.) Torrcya 9: 56, 57. 26 Mr 1909. 

The trimorphism and insect visitors of Fontcdcna. Mem, Torrc t > Club 17: 459-484. pi 
U, IS; f. t-lli. 10 Je 1918. 

J'lali/movas sitbcordiformts (Wille) Hazen, comb, now Rhodera 23: 251, 252. 27 F 1922. 
The phytogeny of the genus lirachiomonas. Bull. Torrey Club 49: 75-92. pi •>, /; /. /6‘- 
SO. 18 My 1922. 

New British and American species of Lobomonas: a study in morphogenesis of motile 
algae. Bull. Torrey Club 49: 128-140. pi 5, 6 . 15 .le 1922. 

Flora of Penikese, fifty years after: Algae of fresh water. Rhodora 26: 211, 212. 5 .la 
1925. 

Flora of Penikese, fifty years after: Algae of brackish water. Rhodoia 26: 215. 5 .la 1925. 
Botanizing in the Colombian Andes. Jour. N. Y. Bot. (lard. 26: 182, 138. (30) Je 1925. 
The English ancestry of Edward Carlton of Rowley, Mass. New Engl. Ilist. Geneal. Reg. 
93: 3-46. pi; chart. (1) Ja 1939. 

The ancestry of Ellen Newton, wife of Edward Carlton of Rowley, Mass. New Engl. Hist, 
(icneal. Reg. 94: 3-18. pi; f. (1) Ja 1940. 

(With Harold Charles Bold) New motile algae from New Jersey. (Abstract.) Am. Jour. 
Bot. 26: Suppl. 25. 4 Ja 1940. 

Two founders of Rowley, Mass. New Engl. Hist. Geneal. Reg. 94: 99-112. pi (1) Ap 
1940. 

Contributions for the tercentenary of Rowley, Massachusetts. (Ap 1940) This comprises 
separates of the three genealogical papers of* 1939 and 1940, with a general titlepage. 

Barnard College, Columbia University, and 
The New York Botanical Garden 
New York 
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THE OSMOTIC QUANTITIES OF THE CELLS IN THE 
HYPOCOTYL OF HELIANTHUS ANNUUS 
SEEDLINGS 1 

William A. Bec k and Basilia Andhijs 

INTRODUCTION 

In recent years great interest lias been manifested in the nature of 
growth in plants by cell enlargement. In particular a source of energy bas 
been sought which would satisfactorily account for the phenomenon of the 
enlargement of the plant cell. The older notion that turgor is entirely respon¬ 
sible for the enlargement became untenable with the discovery of TTrsprung 
and Blum that the turgor in the growing root cells of Yicia faba is minimum 
in the zone of maximum growth. More recently an active growth of the cell 
wall was made accountable for the phenomenon. The auxin an as made re¬ 
sponsible for this growth of the wall, but for some time it was not clear if 
the auxin caused it directly or only by acting inductively upon the proto¬ 
plast. Growth of the wall by intussusception can hardly be doubted in view 
of recently proved facts, and there can be little, if any, doubt that this 
growth of the wall is due to the addition of materials elaborated by the proto¬ 
plasm, which is influenced in its activity bv the growth-promoting substance. 
It is probable that the influence of auxin evokes, not only the elaboration of 
the necessary wall material, but other growth phenomena as w’cll, such as the 
production of the solutes necessary to maintain the turgor of the growing 
cells. 

It is the purpose of the present study to investigate carefully the active 
growdh of developing ('ells and their osmotic quantities, w’ith the end in view* 
of correlating these phenomena and drawing such conclusions as are possible* 
regarding changes in the physical nature of the protoplast, the cell sap, and 
tin* wall. The results should give a better understanding of the nature of 
growth by cell enlargement, and of the energies which are involved. 

The terms expressing osmotic quantities have been used in such a variety 
of meanings that one is in doubt many times about their real significance 
when used by an author who fails to define his terms accurately. For that 
reason care is taken here to define each term and state its significance. For 
a review of the literature on this subject the reader is referred to the works 
of Unsprung (44, 4(i), Beck (3), and Stark (40). 

Tn plant physiology the term osmotic quantity is employed to designate 
any of the quantities which refer to such pressures or tensions in the living 

1 The cost of publication of this paper was assisted by the Institution Divi Tliomne, 
Bradley Hall, Palm Beach, Florida. 

odd 
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plant cell as depend directly or indireetly upon osmotic phenomena, includ¬ 
ing components that l’esnlt from combinations of these elementary vector 
quantities. 

In previous work on growth ])lienomena and pigment production (6, 7, 
9, 10, 12, 13, 14, 15), Helianthuis annum was used; it was natural to choose 
the same object for experimental study in the present work since a body of 
data regarding these seedlings is on hand. From previous experience and 
careful propagation each year it was possible to have strictly comparable 
plants from seeds of the same strain grown under identical conditions. 

Huge (35, 36) studied the hypocotyl of Helianthiis seedlings in an effort 
to determine the influence of heteroauxin on cell enlargement, and recorded 
osmotic quantities determined by him which may well be compared with the 
data we present here. But it must be remembered that the regions of the 
hypocotyls which he employed are not the same as in our experiments and 
he cultured his seedlings somewhat differently. His seedlings were not of the 
same age or size as ours and he confined his studies to the cortical tissue, 
while we studied both the epidermal and cortical tissues. The exact determi¬ 
nation of the osmotic quantities is tedious and involved; it demands much 
time, so that conceivably Huge was obliged to give less attention to this phase 
of his work, considering the many and varied operations that he was obliged 
to carry out within a limited time to achieve Ids objective. He followed 
Ursprung’s methods for the determination of some of his quantities, but it 
is not clear if he did so for all. 

We proposed to give close attention to the exact determination of the 
osmotic quantities in normally developing cells, that is, from the time the 
cells cease to proliferate to the mature state. Our work extended over a 
period of three years. 

METHODS 

Etiolated Hvlianthm seedlings, 90 hrs. old, grown under controlled con¬ 
ditions (90 per cent relative humidity and 25° 0) were employed. At this 
age the plants were approximately 45 mm. high. From previous work it was 
concluded that the cells of the hypocotyl proliferate directly below the base 
of the cotyledons within a distance less than 2 mm. from the base of the 
cotyledons, and at a distance of 35 mm. the cells were certainly mature. 
Accordingly the hypocotyl was divided into seven zones, each 5 mm. long as 
indicated in figure 1, and the osmotic quantities were determined for the 
cells of each zone. 

The methods devised and described by Ursprung (45) were followed in 
this work. Our results do not refer to individual cells but to sections of spe¬ 
cific tissues. Sucrose was used as a plasmolyzing agent, since it is better than 
any other agent (2, 20, 41, 51). It is well to remember when comparing our 
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results with those obtained by Huge (35) that he used dextrose as his agent 
in some of his studies. 

For the determination of cellular dimensions the eyepiece micrometer of 



Fig. 1. H cl uni thus seedling as used in the experiments. 

the regular microscope was employed, but for the dimensions of sections 
of tissues and variations of their lengths a special measuring microscope was 
employed in which the error was not more than zb 0.01 mm. 









566 


BULLETIN OF TIIE TORREY CLUB 


[Vol. 70 


The order in which the various osmotic quantities were determined was 
not the same as that followed in the presentation of the work. In the labora¬ 
tory the order was as follows: first the determination of the sizes of the cells 
in the normal state, while immersed in paraffin oil; and then the suction 
tension of the cells by direct measurement; the osmotic value at incipient 
pJasmolvsjs; and the osmotic value at saturation; together with the respec¬ 
tive sizes of the cells in the three states; finally the wall pressure Mas deter¬ 
mined. 

For the sake of clarity the data will be presented in the following order*, 
the cellular dimensions and cellular characteristics will be discussed first; 
and Avill be followed by the osmotic value of the cell sap in the three states; 
and the suction tension of the cell as an entity; finally the Avail pressure Avill 
be discussed. 

CELLULAR DIMENSIONS AND CHARACTERISTICS 

Discussion of the Cells and Their Walls. Before discussing the osmotic 
quantities of the cells at different ages it is veil to have a clear understand¬ 
ing of the general appearance of the plants which were employed and the 
sizes and characteristics of the cells at different stages of development. 

hi figure 1 a diagram of a typical seedling is given. This may well be 
taken as a diagram of the average form and size of all that Mere used, (hire 
M r as taken to draw’ it exactly to size from a specimen that Mas considered the 
average. 

The smaller diameter of zone 1 is characteristic. Under the conditions of 
culture the seedlings were etiolated and the carotene and xanthophyll Mere 
chiefly located in the cotyledons and the uppermost region of the h\ poeotyl. 
The rest of the hvpocotyl is opaloid. No effort Mas made to determine 
whether the pigment deteriorated with the enlargement of the cells or 
M'hether it Mas merely masked by the total reflection of light in the inter¬ 
cellular spaces formed in the cortical tissue as the hydrostatic pressure of 
the cells increased in that tissue. Since it has been suggested that the earo- 
tinoid pigments may be a part of the respiratory mechanism it is desirable 
to investigate the possible correlation of pigment production and cell en¬ 
largement. If these pigments affect the auxin activity in the protoplast, cell 
enlargement may in turn be influenced by the presence or absence of these 
pigments (8, 9). 

It Mas not considered necessary to study regions which lay further re¬ 
moved from tlie cotyledons than 35 mm. because beyond 25 mm. the cells 
may be considered mature, as M r as showri by Beck and Donnelly (13). 

It is important in such studies as M T e have in hand to recognize the distri¬ 
bution of the growth zones, hence a very careful study of the dimensions of 
the cells in each of the seven zones was made and the results are recorded 
in table 1. 
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The length of the cells was determined with the aid of the eyepiece 
micrometer. The determinations were made at three points in each zone, the 
uppermost, the lowermost, and the mid regions, and the average of these was 
recorded in table 1. It was considered sufficient to determine the length of 
the cells as an expression of their enlargement, since actual measurement 
proved that the diameter of the cells was almost the same in all seven zones. 
This is ni agreement with the fundamental rule that was first suggested by 
Cza.ja (If)) and verified by Huge (35) for the hypocotvl of Ilvlianihm seed¬ 
lings, and an as further confirmed by Borgstrom (17), that the cell walls grow 
in a polar manner increasing their mass in the lateral walls but not appre¬ 
ciably in the transverse. Since the development of the stomatal complexes 
distorts the neighboring cells, these regions were avoided. No particular diffi¬ 
culty was experienced in the study of the cortical cells. 

The cells directly beneath the cotyledons were compressed in general 
appearance. This region did not extend much beyond 1 mm. and certainly 
not beyond 2 mm. This is evidently the zone of cell proliferation, and the 
region in which auxin is produced. The auxin which is present in the remain¬ 
ing 3 mm. of zone I, in A\hieh the cells have begun to enlarge, is probably the 
auxin Avhich was formed in the uppermost 2 mm. and is in the process of 
translocation (12). 

Since the cells of zone 1 are possessed of a relatively small cell sap cavity, 
when it is not entirely lacking, reliable figures regarding osmotic quantities 
can hardly be expected. Our results are, however, included in the table for 
the sake of completeness. In an effort to interpret the results it must be borne 
in mind that the forces refer predominantly to the phenomenon of imbi¬ 
bition in this zone. Plasmolvtic methods when applied in very \ oung cells 
yield more or loss doubtful results for another reason; namely, that the 
undeveloped cell walls lack elasticity and rigidity, so that Avhen they are 
expanded be\ond the limits of elasticity ni any operation, they do not 
readily recede with the protoplast when ail attempt is made to plasmolvzo 
the cell. It was for this reason that Overbook (30) and Oppenheimer (20) 
criticized Prsprung's method of determining the suction tension. To avoid 
any similar error we modified Frsprung\s strip method. After first deter¬ 
mining the suction tension by Prsprung's original method in order to obtain 
threshold \ a lues, avc made as many independent sections as Ave deemed neces¬ 
sary, and immersed them simultaneously m graded solutions above and 
below the threshold values. Each strip was immersed only once in a solution 
of specific concentration. The size of each strip was determined before im¬ 
mersion and again after immersion. The solution in Avhich a strip failed to 
alter its size Avas evidently in equilibrium Avith the cells. In this manner the 
possibility of stretching the Avails beyond the limits of elasticity Avas avoided. 

In vieAv of the fact that there is some discussion regarding the manner in 
which the volume of the (‘ell enlarges, i.e., Avhether it enlarges by the insertion 
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of new material or whether only passively by a process of stretching it be¬ 
yond the limits of elasticity under the stress of the hydrostatic pressure from 
within, it was thought well to measure the thickness of the cell wall in the 
different zones. Unfortunately we were not equipped to do this with suffi¬ 
cient exactness, since our instrument error using the eyepiece micrometer 
was too great. We did, however, make an attempt to get what information 
we could by this method. 

Frey-Wyssling (22), employing the double refraction method, proved 
that the cellulose chains of the cell walls of grasses shift during certain 
phases of growth. Huge (36), employing the same method, concluded from 
his experiments that such shifting of the chains occurs in Hchanthus seed¬ 
lings in a zone about 4 to 5 mm. long directly beneath the cotyledons. Accord¬ 
ingly he holds that in this zone the cell wall is stretched beyond the limits 
of elasticity by the inner hydrostatic pressure. Our own less exact methods 
lead to the same conclusions. This conclusion is probably true in the lower¬ 
most region of the first zone. The fact that the diameter is less in the first 
zone than in the rest of the hypocotyl is in agreement with this conclusion. 
It was evident to us that the walls of the epidermis became thinner as growth 
proceeded in the first zone. In the older zones the (‘ell wall became thicker 
progressively. In the cortical tissue it was more difficult to come to a decision, 
but there were no contradictory data to prevent us from agreeing with Huge, 
that in the very young cells not much material is added to the cell wall by 
the process of intussusception, but at a distance of more than 6 mm. from the 
base of the cotyledons there is evident growth of the wall by intussuscep¬ 
tion (36). 

The participation of turgor in the process of growth by cell enlargement 
has long been a subject of discussion. In 11)24 Ursprung and Blum (47) 
pointed out that turgor is least in the region of greatest growth. Tn our 
studies we have found that turgor, or its equilibrant the wall pressure, is 
least in this region, but not least at the point of inflection of the growth 
curve, that is at a distance of 6.5 mm. from the base of the cotyledons (10, 
14). In our studies of wall pressure we have found that the value is least 
at a distance of 20 mm. from the base of the cotyledons in the epidermis and 
at a distance of 15 mm. in the cortical tissue (see figure 5). 

Contraction and Expansion of the Cells. The contraction of normal 
cells when plasmolyzed is very interesting. It was determined by direct 
measurement and the results are recorded in table 1. When the size of the 
cell&t incipient plasmolysis w 7 as plotted against the distance from the base 
of the cotyledons the curves for both tissues were found to be typical growth 
curves just as was found to be true for the cells in the normal state (10, 14). 
This is clear evidence that the walls grow actively, since the walls w T ere not 
thinner in older than in younger cells, and therefore there could not have 
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been more stretching beyond the limits of elasticity. The per cent contraction 
is not the same for the two tissues and does not vary from the average so 
much in the epidermis as it does in the cortical tissue, an evident indication 
that the nature of the wall is not the same in the two tissues. The epidermis 
shows least ability to contract in the second zone and greatest ability in the 
third, fourth, and fifth, and then definitely declines in the sixth and seventh 
zones (see table 1 and figure 2). The cortical tissue ako manifests a low 


TABLE 1. S'ires of Cells w flic Normal, Plasmohfzed, and Saturated States. 
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Eig. 2. Variation of tlie sizes of the cells from the normal, expressed in per cent, at 
plasmolysis and saturation for the seven zones. 








570 


BULLETIN OP THE TOKREY CLUB 


[Vol. 70 


ability to contract in the first zone, but then rises to a maximum in the third, 
after which there is a steady decline in the older zones where it is lower even 
than in the epidermis. From this it may be concluded that in the older zones 
either the cells in their normal state lack water (0„ and () K being* nearly 
equal might indicate but not prove as much; see table 2) or the walls cannot 
contract much in the two tissues because of the lack of elasticity. Since the 
suction tension is relatively low in the older zones there can hardly be a lack 
of water, so that the low ability to contract must be ascribed to the nature 
of the wall, i.e. in zones six and seven the epidermis becomes rather rigid, 
and the cortex becomes more rigid as early as in the fourth zone. 

The expansion of normal cells when placed in water was also determined 
by direct measurement. The cortical tissue shows considerably greater ability 
to expand than does the epidermis, particularly in the uppermost five zones. 
This is not difficult to understand from the respective structure and func¬ 
tions of the two tissues. 

The ability to expand decreases temporarily in the first three zones and 
rises to a secondary high in the fourth, and thereafter decreases steadily. 
In the cortical tissue the ability to expand is unusually high in the first zone 
and sinks temporarily in the second zone to rise in the third zone to a secon¬ 
dary high, after which it decreases rapidly to the all low in the mature cells, 
almost equal to the low of the epidermal cells. It is interesting that the ability 
of the epidermis to expand is low in the third zone when it is high in the 
cortical tissue, which indicates that the development of the cell walls is not 
identical in the two tissues. 

The ability to contract is a safer indication that the wall is elastic than 
is the ability to expand: if the wall will neither contract nor expand readily 
it is evident that the walls are rigid. It' the walls expand readily, but do not 
contract readily the indication is that the walls are plastic 4 and that the water 
supply has not been sufficient to allow further expansion (otherwise they 
should be stretched beyond the limits of elasticity), either because the water 
had to be raised in the plant against the force of gravity, or because the 
potential difference between neighboring suction tensions was not sufficient 
to allow water to flow readily into the cells. If there is a fair degree of expan¬ 
sion and contraction as well, the indication is that the wall is neither plastic 
nor rigid, i.e. moderately elastic. 

Interpreted in this sense our data show that the epidermis is very plastic 
in the first two zones, less so in the succeeding ones. In the third zone the 
contraction is high and the expansion low, accordingly the elasticity is high. 
The elasticity is maximum in the fourth zone where both contraction and 
expansion are high. In the more mature epidermal cells both expansion and 
contraction decrease; that is, the walls are evidently more rigid. 

The cortical tissue develops somewhat differently. The degree of contrac¬ 
tion is low in the first zone where the extensibility? is high, indicating great 
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plasticity, in the third zone botli the expansion and the contraction are high, 
i.e. maximum elasticity exists. From this point on the expansion as well as 
the contraction decrease steadily, clearly indicating that the walls are becom¬ 
ing rigid. 

From the respective values for the two tissues it is evident that the 
cortical cells have far Jess rigid walls than do the epidermal cells, which is 
as might be expected from a consideration of the respective functions of the 
two tissues. 

It is particularly interesting to study the diagram in figure 1. Tn agree¬ 
ment with the macroscopic determination of the diameter of the hypocotyl 
in the first zone, the cells in this zone are always somewhat less in diameter 
than the cells of the older zones. Only well along in the second zone is the 
nearly constant, diameter attained. If it is assumed that the walls are plastic 
and that the osmotic turgor develops slowly and the suction tension, never¬ 
theless, remains high, it is evident that the high suction tension is due to the 
imbibition of the protoplast and is essentially non-osmotic in nature. 

Characteristics of the Protoplast, (a) (rnuhniis. There is a charac¬ 
teristic gradient of viscosity in the protoplasm of the cell of the hypocotyl 
of the seedlings, ranging from the zone of cell proliferation to the enlarged, 
mature cell. We verified this by direct experiment but are not listing our 
results because they do not show anything more than is already recorded in 
the literatim* by Ktrugger (41) and lfiige (35). There can be no doubt of 
this fact in the particular case of IlvUuutluts seedlings. It appears to be a 
general fact that young protoplasm is more viscous than older protoplasm, 
since it was proved in algae and fungi as well as m various organs of the 
higher plants (18, 2(>, 34, 49, 50). 

It is generally admitted that protoplasm is a complexly built mixture of 
hydrophilic colloids and we are accordingly justified in applying to it the 
principles of colloid chemistry. Physico-chemical experiments have shown 
beyond reasonable doubts that tin* relative viscosity of a substance is a good 
indicator of its relative colloidal state. A knowledge of the changes in vis¬ 
cosity of the protoplasm, such as are indicated by the gradient manifested 
in the developing cells of tin* sunflower seedlings, aids in a better under¬ 
standing of changes that occur in the colloidal state of the protoplasm. 

The viscosity has been brought into correlation with growth and grow’th- 
promoting substances by Ktrugger (42) employing the hypocotyl of llcli- 
(inilms seedlings, who found that the young cells of the stretching zones 
require a greater length of time for the protoplast to become rounded off in 
a plasmolyzing solution than do mature cells, and he concludes that they 
consequently possess a higher internal non-osmot ic pressure expressing itself 
by a greater viscosity. Huge (35) obtained similar results. We repeated these 
experiments and obtained similar results. From the facts recorded in the 
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literature it is evident that we can express ourselves regarding the character¬ 
istics of the protoplasm in the seven zones of our seedlings such as its 
swelling ability, its stability, and its electrical charge. The swelling power 
of the protoplasm is considerable in the first zone and negligible in the 
others; there is a definite gradient from the younger cells to the older ones 
which is termed the plasmolytie gradient. This must, of course, be borne in 
mind when interpreting our results, since no effort was made to distinguish 
between the suction tension which is produced by the suction tension of the 
cell sap (due to osmosis) and that produced by the suction tension of the 
protoplasm (due to imbibition). Bennet-Olark, Greenwood, and Barker (16) 
considered it possible that active “secretion” of water takes place from the 
protoplast into the cell sap cavity, but it would hardly be justified to con¬ 
sider the increment of water in the cell sap cavity as a kind of synaeresis, 
since there is active production of solutes as the cells grow older (10, 14). 
No doubt, the cell sap concentration must bear some relation to the viscosity 
and the colloidal state of the protoplast, so that the protoplasm is constantly 
in dynamic equilibrium with its aqueous environment. 

Pfeiffer (31, 32, 33) proved that a definite degree of viscosity in the cyto¬ 
plasm is correlated with a definite electrical charge of the plasma colloid. 
When the electrical charge is changed then also an electro-viscosity effect 
must follow. The growing and non-growing cells are accordingly character¬ 
ized by this, that the variations of the plasma ampholytes from the isoelectric 
point (I.E.P.) are different. The mature cells are “fixed.” 2 There is suffi¬ 
cient experimental evidence in the literature regarding the ell gradients in 
relation to the differentiation of tissues to warrant the employment of the 
“plasmatic gradients” as visible expressions of the ell gradients which 
proceed in the same direction (24, 25, 37, 38). 

The established ell gradient is significant for another reason, namely 
that it suggests a correlation of growth by cell proliferation and cell enlarge¬ 
ment. It is well established that there is a difference of electrical potential 
between the chromatin of the nucleus and the cytoplasm; the nucleus being 
electro-negative and the cytoplasm electro-positive. Since cell proliferation, 
which is known to be rhythmic, ceases in the hypocotyl a short distance from 
the base of the cotyledons, and cell enlargement occurs in a graded manner 
parallel with the viscosity and the cH gradient, and is also rhythmic, the 
whole process of cell enlargement, which is known to be induced by natural 
auxins and heteroauxins (which are characteristically acid in reaction) must 
be related. It is extremely difficult to consider the function of the chromatin 

- llecause of the ampholyte nature of the protoplast, a critical point must be reached 
at a very definite hydrogen ion concentration, in which the number of anions and cations 
is the same in their minimum. At the isoelectric point their cH is zero, in which there¬ 
fore the electrical charge of the colloid is zero, and the number of neutral particles is 
maximum (cH~0 at I.E.P.). 
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from a purely material concept basis without involving orientating forces, 
directed outward from bio-molecular electro-magnetic fields. 

(b) Discussion of the Characteristics. Then* can be no doubt about the 
generation of auxin in tin* zone of cell proliferation. The manner in which 
it acts to cause cell enlargement and its translocation are not very clear. 
How gravity influences the auxin is particularly obscure; if it occurs in the 
form of pure solution gravity cannot affect it, and if it is not in pure solu¬ 
tion its translocation by diffusion becomes impossible. These facts suggest 
that the auxin exercises its influence in a manner comparable to that of 
“evocators’’ (27) 

Auxin must definitely be regarded as a phytohormone and consequently 
specificity, such as is attributed to bio-regulators m general, must character¬ 
ize it. One of the outstanding marks of protoplasm is its specific ability to 
synthesize asymmetric compounds in which the atoms of the molecules are 
arranged in a specific asymmetry that cannot be duplicated in inorganic 
systems. Asymmetry points to a labile, dynamic, spatial arrangement of the 
atoms in the molecule, and the aging of cells may lx* regarded as a trend 
towards stable equilibrium within the bio-molecules. The more unstable tin* 
molecule, the greater tin* free energy content. The forces exercised In highly 
labile asymmetric molecules of tlx* young proliferating cells directly beneath 
the cotyledons, through I heir a symmetry-inducing energx upon other mole¬ 
cules, may be assumed to plax a very important role in influencing the 
growth of the* older cells by cell enlargement, tlx* material expression of this 
would be the formation of auxin. 

Science has traveled far since Van’t lloff and Lel>el laid the foundations 
for the science of stereo-chemistr\. The \alence in a material is no longer 
considered in a mechanical manner, but is linked to its configuration of 
electrons and its system of xxaves. The phenomena attending the asymmetric 
organic molecule are far more readily interpreted b\ means of the energy 
concepts of modern atomic theories than by means of the older theories of 
the classical physicists. The ell gradient suggests that the “trigger energy” 
which directs tlx* process of eel! enlargement, resides in the chromatin and 
that it is maximum in tlx* xoimg cells and minimum in tlx* mature ('ells. It 
is particularly significant in consideration of this possibility that auxin is 
acid in reaction. When the cells are too far remoxed from the source of auxin 
and the electrical potential difference between the nucleus and the cytoplasm 
of mature cells is small, and the “trigger energy” is spent, a state of equi¬ 
librium is produced, so that the activity of the cell is nearly purely physical 
and the osmotic quantities are more involved in tlx* functioning of older cells 
than in the younger. 

These notions are helpful to a better understanding of the evident corre¬ 
lation of cell proliferation and cell enlargement, the evident dependence of 
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both on mitosis, ami the influence of the chromatin on the phenomena accom¬ 
panying growth. They also help to make it clear tlmt the lindens is indis- 
j)ensable for the physiological activity of the cell in general, and growth by 
cell enlargement in particular, ft is suggested accordingly that the natural 
auxin has its source in the nucleic acids and depends on the mitotic activity 
for its production. Also that its bio-regulating effect depends upon its power 
to direct the formation of specific asymmetric structures within the proto¬ 
plasm and that this effect is inductive and need not necessarily be conducted 
to exercise its influence. The induction might well occur eleetro-magnetically. 
This view receives encouragement from the fact that so many different kinds 
of organic acids can exercise an effect similar to that of auxin upon plant 
cells. It is doubtful if these acid agents produce exactly the same physiologi¬ 
cal effect as does the natural auxin, but their acid nature can influence the 
protoplasm in such a manner that growth by cell enlargement is simulated. 

THE OSMOTIC VALUE AND T11E EQUIVALENT SUCTION TENSION OF THE 
CELL SAP OF CELLS IN THE NORMAL, l'LASMOLYZED, 

AND S YTURATEI) STATES 

The concentration of the sap, which contains organic and inorganic 
solutes, is not the same for a given cell in the normal, plasmolvzed, and 
saturated states. The concentrations in the three states are symbolized by 
(On), (0 K ), and (O s ), respectively, and are expressed numerically in func¬ 
tion of the concentration of the plasmolyte which has the same osmotic pres¬ 
sure. The suction tensions which are equivalent to the concentrations (()„), 
(0 K ), and (O s ) are symbolized by (Si n ), (Si K ), and (Ki s ), respectively, and 
are expressed in atmospheres. 

Tt is evident from the nature of the process employed that for a given 
cell or tissue: 

O g > ()„ > O s ; and 
Si* > Si„ > Si*. 

This fact is well illustrated by our recorded results (see table 2). 

Weber (51, 52) pointed out that the normal permeability of the proto¬ 
plasm is changed by plasmolysis when certain plasmolytes are employed. 
Tie speaks of “plasmolysis permeability.” He and Ktrugger (42) agree with 
Beck (2) that when sucrose is employed as a plasmolyzing agent there is no 
immediate influence exerted upon the permeability of the protoplasm. Our 
experience in the present work is in accord with this view. 

The time necessary to produce incipient, plasmolysis was found to be 
greater for young colls than for older (-ells. This became particularly evident 
when, after a number of trials, the concentration which produced incipient 
plasmolysis was determined, and then fresh tissue was placed in the sugar 
solution of that concentration, which was approximately the correct O g 
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value, and the time required to produce ]>lasmolysis was determined. We did 
not go into this matter as thoroughly as others, but we can safely state that 
young cells required more time to become plasmolyzed than did mature cells. 
When excessively high concentrations were employed, the protoplasts of the 
young cells became plasmolyzed in a shorter time than in the nearly correct 
0 K concentration, but the form of the plasmolyzed protoplasts was not con¬ 
vex, as it normally should have been. If sufficient time was allowed, however, 
the “cramped plasmolysis” form, as Weber calls it, changed to the normal 
convex form. This fact indicates that the protoplast of young cells is more 
viscous than that of mature rolls. It is also evidence that the protoplasm of 
young developing cells is in intimate union with the cell wall and in the 
process of plasmolysis is torn away violently at many points, but remains 


TABLE 2. The Concent rat ion and the Suction Tmsion of the Cell Sap in the Xoi- 
mat , I’lasmol fixed, and Saturated Staten , Erpressed in Mots and Atmos., Respectively , 



At Incipient Plasmolysis 

In the Not mill State 

In the Saturated State 

Zone 

Epidermis 

Cort 

*\ 

Epidermis 

Cor 

e\ 

Epidermis 

Cortex: 


°“ 

Si* 

<>, 

Si K 

(>„ 

Si,. 

; 

Si„ 

Os 

Si s 

' 

o s 

Si s 

1 

(1.28 

7.(5 

0.407 

11.41 

0.27 

7.4 

11.405 : 

1 1.45 

0.208 

7.24 

0.402 

10.00 

o 

0.255 

0.8 

0.40 

11.20 

0.248 

0.04 

0.408 

1 1.14 

0.244 

0 20 

0.400 

10.00 

4 


0.7 

0.485 

40.74 

0 244 

0.40 

0.48 1 

10.72 

0.24 1 

0.44 

0.442 

0.10 

4 

0.24 

0.1 

. 0.44,4 

0.5,) 

0.288 

0.14 

0.444 1 

0.52 

0.220 

0 08 

0.400 

8.47 

5 

o.2a 

0.2 

0.440 

0.40 

0.225 

0.05 

(1440 

0.47 

0.221 

5.04 

0.412 

8.50 

0 

0.2.4 

0.2 

i 0.410 

8.50 

1 0.200 

0.08 

' 0.400 

8.17 

0.211 i 

0.02 

0.402 1 

8.20 

7 

0.2,4 | 

0.2 

0.204 

8.05 

0.200 

i 

0.08 

0.204 

1 1 

8.02 

0.225 

0.05 

0.284 

7.72 


attached at some points. These facts suggest that in careful work in which 
the plasmolytic method is employed, the final readings should be determined 
with solutions which are not far removed from the true <) K concentration, 
and sufficient length of time should be allowed for evident convex plasmoly¬ 
sis These precautions were taken in our work, and wo feel certain that the 
protoplast was not injured as the result of violent treatment. We found that 
mature cells usually did not require more than ten minutes to plasmolyzo 
but young cells sometimes required thirty minutes. 

Since, as was previously described, the volumes of the cells at incipient 
plasmolysis, in the normal state, and in the saturated state are known, it is 
not difficult to calculate the concentrations of the sap in the normal and 
saturated states from the concentration in the state of incipient plasmolysis 
by the methods described by Ursprung (45). The equivalent suction tensions 
can be obtained from the table of ITrsprung (45) in which the equivalent 
concentrations and osmotic pressures are listed for sucrose. The results 
which we obtained are given in table 2. 

The Osmotic Value at Incipient Plasmolysis. This quantity expresses 
the concentration of the sap when the protoplast has slightly receded from 
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tlie cell wall in consequence of the contraction produced in it by exosmosis 
after having been placed in a hypertonic sugar solution. When the value is 
expressed for a tissue it is understood that fifty per cent of the cells are in 
the state of incipient plasmolysis. 

Normally the semi permeable protoplast is in contact with the cell wall, 
which is permeable. When the protoplast, is distended by the hydrostatic 
pressure within, it usually presses against the cell wall with sufficient force 
to distend the cell wall, providing the wall is not too rigid, if the internal 
pressure is relieved, not only does the protoplast contract but also the dis¬ 
tended wall. Evidently a rigid wall wdl not contract, nor will a plastic wall 
which is devoid of all elasticity. An elastic wall will contract to a degree 
commensurate with its degree of elasticity. From these considerations it 
becomes clear at once that the capacity of the mature (-ell does not differ 
much from its capacity in the state of plasmolysis if the wall is rigid because 
the protoplast leaves the wall as soon as it begins to contract. The plastic 
walls of young cells, such as those in the first and second zones of our plants, 
do not recede much because they lack elasticity. It follows that cells with 
elastic walls manifest a greater difference between ()„ and () K than do cells 
with rigid walls or such cells that have plastic walls which are readily 
stretched beyond the limits of elasticity. Even though the value () K -() n can 
give some indication of the nature of the wall, an exact expression cannot 
be expected because flu* capacities of the normal cells in the different zones 
are not comparable. Our () K and ()„ data approximately indicate that both 
the epidermis and the cortical tissues are most elastic in the third and fourth 
zones. 

In our present study the osmotic value at incipient plasmolysis is ol* little 
value in determining the physiological effects of growth in the various zones 
because of the excessive number of variables which are involved; this fact 
makes comparisons practically impossible. This does not, of course, mean 
that in general, all other things being equal, the 0* variations cannot serve 
as indicators of the variation in the physiological activity of the protoplast 
in response to external factors. As Beck (4, 5) showed, the 0 K is appreciably 
affected by certain external factors which indicate a physiological reaction 
in the protoplast. 

The values which we obtained for the cortical tissue are consistently 
lower than those given by Huge for the same tissue. The lack of light and 
relatively high humidity conditions which prevailed constantly in our 
experiments (but not in Ruge’s) tend tb lower the 0 K , so that the order of 
our data is as might be expected. 

Beck (5) showed that the tissues of herbaceous plants have lower 0 K 
values than do woody plants. The relatively low values winch we obtained 
in the present experiments are in accord with this fact. The average values, 



11)4:; j 


HECK AND ANIMUS: OSMOTIC QUANTITIES 


577 


0.244 mol. for the epidermis and 0.354 mol. in the cortical region, are just 
what might be expected in tender sunflower seedlings grown under the given 
conditions. 

<> K for tiie epidermis in zone 1 (0.28 mol.) is high compared with the value 
for zone 2 (0.25 mol.). Many trials gave this high value consistently. The em¬ 
bryonic state of* many of the cells of zone 1 account for this. In this zone the 
youngest cells plasmolyze with difficulty because the cell sap cavily is small 
and the water uptake in the embryonic and slightly developed cells is mostly 
due to the imbibition of the protoplasm itself. 

When an attempt is made to plasmolyze very young cells a plasmolyte 
of relatively high osmotic pressure must be employed to overcome the imbibi¬ 
tion of the protoplasm so that the value obtained for zone 1, which is an 
average expression for the entire 1 zone, includes the results obtained with 
embryonic cel Is which cannot have a true* osmotic value and young cells 
having a small vacuole in which the protoplasm still has a high degree of 
imbition.’* Thus it is (dear that the value (0.28 mol.) which was obtained 
by the methods which are legitimate for older cells, but not entirely reliable 
for very young cells, is naturally relatively high but involves forces that are 
non-osmotic in nature. The same may be said for the cortical eel Is in which 
the <) K for zone 1 was 0.407 mol. 

The (h gradient in both the epidermal and cortical tissue is in the direc¬ 
tion of the movement of the water in tin* plant. The difference between the 
values of the oldest and youngest cortical cells is greater than the difference 
for the corresponding epidermal cells (see table 2 and figure 3). It may be 
thought that gradients similar to the one found m our seedlings must neces¬ 
sarily exist in all plants. It is, however, a fact that many authors give data 
for various kinds of plants, where the 0 K gradient is not m the direction of 
the streaming of tin* water in the plant. The data as given by them are, no 
doubt, correct and not difficult to understand when it is remembered that it 
is not the (gradient which decides the direction in which the water shall 
flow, but the gradient of the suction tension of the cell (Sz„). 

It must, furthermore, bo remembered that it is not to be concluded from 
the data given in table 2 that the 0* of the older tissues is low' because the 
normal influx of water was greater than the amount of solute which was pro¬ 
duced during the process of cell development, because Beck (10) showed that 
in epidermal cells of strictly comparable plants the production of solute is 
directly proportional to the growth of the cells. Beck, Lousing, and Andrus 
(14) showed, in strictly comparable plants, that this is also true for the 
cortical cells. It follows that the lower 0 K value in the older cells cannot be 
ascribed to a lack of the production of solutes, but must rather be ascribed 

» In this connection the experience of Weber (52) and Strugger (42) should be 
recalled. They proved that the viscosity and imbibition prossuie is maximum in the young' 
est cells and decreases as the‘cells develop. 
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to the increased capacity of the older cells and the changed conditions of 
the cell wall, particularly its increased rigidity. 

Beck (5) showed in tests which he made on many plants Unit the O g of 
the epidermis is always lower than the O* of tissues that lie within. Our 
figures are in accord with this fact. The difference between the 0 M values 
found for the cortical and epidermal tissues is greater in young zones than 
in mature zones (see figure 3). These results indicate that in general the 



Fig. 3. Difference between the epidermal and cortical sap concentrations: O k , 0„, O s , 
correlated with the age of the tissues. 


cortical cells can change their volume considerably more than the epidermal 
eells can during the process of plasmolysis, at least in the first five zones. 
This would indicate that the cortical tissue is a more dynamic tissue than is 
the epidermis. No doubt, the fact that relatively more solute is produced in 
the cortical tissue than is produced in the epidermis, is also a factor which 
must be borne in mind in comparing the 0 K values for the two tissues. As a 
matter of faet the thickness of the wall is greater in the older epidermal cells 
than it is in the older cortical cells. In this connection it is interesting to 
note that in zone 3 the hypoeotyl takes on an opalescent appearance, while 
in zones 1 and 2 the general appearance is more waxlike. The opalescence is, 
no doubt, the result of the total reflection of light caused by the intercellular 
spaces of the cortical tissue that are formed, as the result of the hydrostatic 
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pressure of the individual, cylindrical cortical cells, which are only in tan¬ 
gential contact. This may be taken as an indication of the dynamism of the 
cortical tissue. 

Concentration of the Normal Cell Sap (O n ). This quantity expresses 
the concentration of the cell sap as it actually occurs in the plant at the 
time when the tests arc* made. It is symbolized by O n and is expressed in 
molar concentration. It must not be confused with the osmotic value at in¬ 
cipient, plasmolysis. This value can change rapidly in response to external 
factors without necessarily suffering a change in the amount of solute which 
is present. In the particular experiments under consideration such fluctua¬ 
tion in response to external factors did not occur, because all the plants 
employed were strictly comparable and the external factors which might 
influence the concentration of the sap were carefully controlled and were 
approximately constant. The results obtained are in table 2. 

The suction tension of the contents of the cell in the normal state (Si n ) 
expresses the negative physical pressure which is caused by the osmotic 
virtue of the solutes contained in the cell sap. Like all other suction tensions 
it is expressed in atmospheres. The equivalent concentration is the osmotic 
value of the sap in the normal state, and is expressed in mols; it is symbol¬ 
ized by ()„. Since both the concentration and the suction tension of the sap 
in the normal state are useful in the comparisons and discussions for the 
seven zones of the hypocotyl of Uclianlhus seedlings they have been 
arranged in table 3. 

TABLE 3. Suction Tension (Si„) and Equivalent Concentration of tin C<H Sap 
(() t ,) in the Xonnal Statf for llehantluis S( edlmps. 



Epidermis 

Cortical 

Tab. 

Zone 

(Si») in 

Atmospheres 

(O n ) in 
Mol. 

1 (Si n ) in 

Atmospheres 

(O n ) in 

Mol. 

T)iff. of 

(Si..) 

1 

7.3 

0.270 

11.35 

0.405 

4.05 

o 

0.04 

0.248 

1 31.14 

0.398 

4.50 

3 

0.49 

0.243 

' 10.72 

0.384 

4.23 

4 

<>.14 

0.228 

9.52 

0.344 

3.38 

r> 

(>.05 

0.225 

9.37 

0.339 

j 3.32 

o 

<>.08 

! 0.220 

8.47 

0.309 

2.39 

7 

<>.08 

| 0.220 

8.02 

1 

0.294 

1.94 


The normal suction tension of the cell as an entity (Sz„) is not given by 
the value Si n because the wall pressure, and possibly some other vectors, tend 
to prevent an influx of water into the cell induced by the vector Si„. Si„ and 
Sz n differ in scalar value but not in direction. The two quantities usually 
vary in the same way. 

The suction tension of the normal cell sap and the hydrostatic pressure 
produced by the influx of water into the cell sap cavity affect the state of the 
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protoplasm. It is wcJi known that the protoplasm of aging animal tissues 
loses water just as do hydrophilic colloids. In gels the time factor is espe¬ 
cially apparent. It cannot he concluded from this, however, that the cell sap 
of developing plant cells is the result of the aging of the protoplasm in these 
cells. The protoplasm of aging animal tissues increases in viscosity, but in 
the protoplasm of plant cells, which grow by cell enlargement, the viscosity 
decreases. For a review of the literature on this subject the reader is re¬ 
ferred to Ktrugger (42). Strugger proved conclusively and gave experimental 
evidence that the plasmatic characteristics are distributed in a regular man¬ 
ner in the form of a plasmatic gradient in leaves, roots, and shoots, and that 
these characteristics can be immediately correlated with the physiological 
zoning. The plasmatic differences of the cells in the process of enlargement 
consists in the significantly higher degree of viscosity of the protoplasm in 
the growing colls in comparison with viscosity of that of the mature cells 
(42; see also Weber, 48). 

The production of solute must be regarded as an active physiological 
process concomitant with other growth phenomena induced by auxin. Beck 
(10) and Beck, Lousing, and Andrus (14) showed that in developing cells 
of the hypocotyl of H chant hus seedlings the production of solute in growing 
cells is proportional to the growth. 

These findings indicate that the water which is available for the active 
protoplasm is of great importance for its optimum physiological activity. 
The amount of water which may be withdrawn from the protoplasm without 
serious injury is limited. An excessive supply of water, which may be re¬ 
garded as waterlogging, is not favorable for the physiological activity of the 
protoplasm, as was shown by Beck (11). The ()„ represents the concentration 
of the cell sap which is in equilibrium with the active normal protoplasm. 

It follows from these considerations that a knowledge of the () n should 
prove to be valuable, not only for our present purpose, but also for future 
comparisons and studies regarding the physiological activity of developing 
cells. 

Rapid variations of the 0„ may not, however, be taken as indicators of 
physiological activities because changes in ()„ due to external factors occur 
very quickly and are largely due to purely physical forces. In our experi¬ 
ments there were no suclr rapid changes either in the (),, or in the factors of 
the environment. 

Many of the data given in the literature for () n (sometimes confused with 
tliequantitv 0 K ) were obtained by cryoscopic methods. Such data must be 
recorded as average values for tissue complexes, organs, or entire plants, and 
are of little value in discussions regarding changes in the cells during their 
development. The data of Ursprung and Blum and of others who followed 
their lead in the study of osmotic quantities give Si n values for individual 
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cells find averages for tissues obtained by calculation from direct plasmolytic 
determinations. These data art* better adapted for comparative studies. Our 
data, given in table 3, express the average value for the cortical and epi¬ 
dermal tissues in tlie respective zones as indicated. Since they were obtained 
by the plasmolytic methods according to the direction of Ursprung and 
Ilium, and since the factors of the environment were controlled and all 
plants were strictly comparable, they can serve to indicate changes in the 
state of the growing tissues. 

The values for () n given in table 3 are relatively low when compared with 
values of similar tissues given in the literature for mature plants. This is 
not surprising because the young seedlings were grown m light sandy, moist, 
soil, and in air of high relative humidity at optimum temperature. It is well 
known that external factors in general influence the ()., and the Si„. Air of 
low relative humidity, dry soils, and temperatures varving jrreatlv from 
2a' C tend to increase these (piantities (4, 44). 

Then* is an almost regular but not sharp gradient extending from the 
oldest cells m the seventh zone to the youngest m the tirst zone of the epi- 
dermis A similar, but even sharper gradient is evident in the cortical tissue. 
The Si„ gradients are, of course, similar to the ()., gradients and the numeri¬ 
cal expression of the quantity in atmospheres makes the gradient more pro¬ 
nounced (7 3- b OS atmos. and 11.35-8.02 atmos. respectively; see table 3). 
It cannot be concluded legitimately that such ()„ gradients in the flow’ of 
water in the plant must necessarily exist because it is not the quantity Si n but 
rather the quantity Sz„ which decides in which direction the water will flow. 

Tin* values of Si„ and () n are consistently higher in the cortical tissue 
than thex are in the epidermal tissue. The differences are given in tin* last 
column of table 3 (see also figure 3). These differences show T clearly that 
there is an Si,, gradient and an () n gradient radially from the epidermis to 
the cortical tissue. These gradients must not be regarded as proofs that the 
water will necessarily move from the epidermis to the cortical tissue, since 
the Si„ and <) n differences are not satisfactory indicators of a difference of 
potential between any two cells or tissues. As stated above, it is the Sz n 
gradient which is the deciding factor for the direction of the flow’ of water. 
Other things being equal, however, the gradient as we find it favors a similar 
gradient for tin* suction tension of the cell Sz n and tends to cause a flow’ of 
water from the epidermis to the cortical tissue. These findings, therefore, are 
in harmony with the view that the epidermis tends to serve as a water reser¬ 
voir. In general the values obtained favor the notion that the water flow’s 
upward in both tissues and inward from the epidermis to the cortex. The 
difference between the suction tension of the sap of the two tissues is con¬ 
siderably greater in the youngest zone (zone 1) than it is in the oldest zone 
(zone 7) ; 4.05 atmos.~1.94 atmos (see table 3). This great difference does not 
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imply that the difference is equally great for the suction tension of the two 
tissues. Later, attention will be drawn to the fact that the figures for the 
suction tension of the sap and the suction tension of the tissues are of the 
same order, but not of the same magnitude, and that the difference between 
the suction tension of the cortical tissues and the epidermal tissues of the 
youngest zones and of the oldest zones is actually considerably less (5.8 
atmos-4.2 atmos.; see table 4) than it is in the present case for the suction 
tensions of the sap in the same tissues. This indicates that the wall pressure 
in these two zones has changed considerably in the process of growth. 

The Concentration of the Sap When the Cell is Saturated with Water 
(O s ). This quantity expresses the concentration of the sap when the cell 
has been permitted to take in all the water possible, while being immersed 
in water. It is symbolized by O fe and is expressed in molar concentration. 

A considerable difference between ()„ and 0 8 would indicate that much 
water can be absorbed by the normal cell when thus immersed, i.e. the suc¬ 
tion tension of the cell is not rapidly reduced by the influx of water, or in 
other words a counter-pressure is not rapidly set up during the influx of 
water. From this it follows that under such conditions the cell wall does not 
develop an appreciable wall pressure as the result of expansion by the hydro¬ 
static pressure. 

When the difference (0„ — O b ) is not great it may be because the capacities 
of the cells are large and the plant in the normal state can take up water 
without considerable reduction of the concentration of the eell sap. In the 
present experiments the difference is small and the conditions are such that 
both tissues in the normal state are almost saturated. One may not use the 
difference () n - () B as a basis of judgment regarding the elasticity of the cell 
walls without risk of error. 

The results indicate that both the cortical and epidermal tissues are more 
plastic in the first and second zones and more rigid in the sixth and seventh. 

The differences between the concentrations of the sap in all three states 
becomes less with age. In the mature zones the differences between the con¬ 
centrations for the sap in the two tissues in the three states are all nearly 
the same (see figure 3). This is, no doubt, due to the increased rigidity of the 
wall in both tissues. These differences of concentration in the two tissues are 
always least for the O s and greatest for the 0„. 

It should be remarked here that the value Si« is numerically equal to the 
wall pressure W a , since the action and reaction are equal and opposite in 
direction when the gorged cell is in a state of equilibrium and the wall pres¬ 
sure upon the protoplast and vaeuome prevents the further influx of water. 

SUCTION TENSION OF THE CELL IN THE NORMAL STATE (Sz n ) 

Since the suction tension of the cell, as an entity (Sz n ), is the result of 
the suction tension of the contents of the cell (a vector acting in one direc- 
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tion) and the wall pressure (an antagonistic vector), important conclusions 
regarding the nature ol* tlie wall in growing regions can be arrived at from 
a knowledge of this osmotic quantity for cells in various phases of growth. 
Physical changes in the growing cell wall produce definite effects upon the 
force which tends to cause water to flow into a cell, even though the wall 
itself is pervious to water and does not prevent the water system from being 
continuous from one cel! sap cavity to another, through the membranes and 
the protoplasm itself. 

This quantity (>Sz„) expresses the force per unit area with which the cell 
as a whole tends to draw water into itself, either from a direct source of 
water or from some neighboring cell which has Jess tension. It is not our 
purpose to determine at this time whether the cell is active or passive in this 
process of water intake, but merely to determine the vector value which 
tends to produce a state of equilibrium. 

The numerical expression of this quantity (Sz„) is a good indicator of 
the tendency of water to flow in one or the other direction : from the environ¬ 
mental cells to a given cell or in the reverse direction. In the present study 
we are not considering the suction tension of individual cells but the average 
Sz„ of the cell complex in a section of a given tissue as determined by the 
simplified method of Prsprung (45). This average value will indicate the 
general direction of the flow of water. 

The numerical expression of this quantity can be determined directly 
and can also be calculated from the known osmotic pressure of the normal 
(‘(‘II sap which is numerically identical with the suction tension of the sap in 
the normal state, and the known wall pressure which tends to press water 
from the cell, according to the law of l-rsprung as expressed in the equation : 

Nzj, - Si„ - \V„ (1) 

in which Sz M is the suction tension of the cell; 8i,„ the suction tension of the 
contents of the (‘(‘II; and \V n , the wall pressure. 1 

In the present work the values for the epidermal and cortical tissues in 
various zones of the hypoeotyl of IlcliantJnis seedlings were determined 

• Heir no account is taken of vectors otliei than that of the wall pressure which 
tends to reduce the suction tension of tlie cell, such as the tension or pressure of neighbor¬ 
ing tissues. The complete equation is* 

Nz„ Si„- (W ± A) (2) 

in which A lepiescnts the additional foices such as tissue tension, besides the wall pressure 
which tends to increase or deciease the suction tension of the cell. 

It would, of course, have been most desirable to have dctcimined the term A, 
particularly for the pressuie produced by the epidermal tissue upon the cortical in the 
normal lnpocotyl, hut we were unable to devise a method to do so. In the interpretation 
of the results this must be borne in mind that our results refer to the suction tension of an 
excised group of cells in which the counter pressure of the epidermis upon the cortical 
tissue was liecessaiilv disrcgai dcd. In spite of the difficulty of not being able to obtain 
more than an approximation of the suction tension of the cells in the normal state, the 
data are very enlightening. 
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directly and also by calculation, and the results have been recorded in 
table 4. The symbol Sz n is employed to express this average value of the 
tissue even though it strictly refers to individual cells. In order to determine 
the suction tension directly by experiments some authors keep the same test 
strip and place it in different concentrations of the plasmolvte and note in 
which concentration the strip maintains its original length. The osmotic 
pressure of that concentration is accepted as the suction tension of the 
sample. This method is satisfactory if the wall is elastic and is not stretched 
beyond the limits of elasticity. Since we have evidence that the walls of 
young cells of the hypocotyl in question are not elastic but plastic, it was not 
safe to employ this method. We therefore never carried a test strip from 
one concentration to another. A fresh sample was taken for every concentra¬ 
tion employed. After preliminary tests indicated the upper and lower limits 
of the Nz n value, with but slight variation, final tests were made in graded 
solutions, which did not vary much from each other and were within the 
limits found in the preliminary tests. The osmotic pressure of the concentra¬ 
tion, in which the sizes of the cells did not vary from the original, vas 
accepted as the Sz n of the cells tested. 


TABLE 4. Suction Tension of tlir Cells (8z„) in the Epidermal and Cot heal Tissues 
of lleh a n t h u s S cedh n t/s. 


Zone 


(Sz„; in Atmospheres 


Epidermis 


Cortical 


DifT. o1‘ (Sz „) of the 
Tissues 


Exp. Data 

Cal. Until 

1 

5.3 

5.17 

o 

5.2 

i 5.24 

3 

5.1 

5.17 

4 

4.9 

| 5.02 

5 

4.0 

! 3.92 

0 

3.7 

3.80 

7 

3.4 

3.08 


Exp. Until 

Cnl. Until 

11.115 

1 1.093 

10.930 

10.790 

10.000 

10.583 

9.40 

9.205 

8.95 

9.015 

8.20 

8.30 

7.00 

7.630 


Exp. Until 

o.sir. 

5.730 

o.i on 
4.50 
4.0o 
4.50 
4.20 


(’ill Until 
0.02:1 

5.0 50 

5.4 1 a 

4.255 

5.005 

4.50 

5.05 


An Sz„ gradient in the direction of the flow of water in a plant, as for 
example from the roots, to the leaves, was long suspected and was finally 
]woven to exist by TTrsprung and Blum (43, 44, 47) and others. A study of 
the nature of the suction tension of the cells makes it evident that such a 
gradient must exist. If there was ever any doubt about it because of data 
obtained by cryoscopic methods, it is the result of confusing the quantities, 
suction tension of the contents of the cell (Si n ), which is numerically identi¬ 
cal with the osmotic pressure of the normal cell sap, and the suction tension 
of the cell (Sz n ). An Si n gradient in the direction of the flow of water in the 
plant may exist in a given instance as in our present experiments (see table 
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3) but in general need not exist. An Sz u gradient from the oldest cells to the 
youngest in both tissues is evident and not surprising. 5 

In the epidermis the greatest variation from the average potential dif¬ 
ference is between zones 4 and 5 (0.9 atmos.). The greatest variation from 
the average potential difference in the cortical tissue occurs between zones 3 
and 4, namely 1.2 atmos. These greater differences must be interpreted to 
mean that either critical changes in the nature of the cell walls occur in the 
hvpocotyl between 15 mm. and 25 mm. from the base of the cotyledons, or 
changes in solute production, or both. Apparently the changes occur some¬ 
what earlier in the cortical tissue (third and fourth zones) than in the epi¬ 
dermis (from the fourth to the fifth zone). Since the amount of solute pro¬ 
duction is proportional to the growth in both tissues (10, 14), it follows that 
the high potential difference must be due to changes in the wall, rather than 
to irregular solute production; and since the enlargement of cells is regular, 
these relatively sudden changes in suction tension can only be interpreted 
as due to changes in the wall pressure, and consequently changes in the 
nature 4 of the wall. 

The difference between the suction tension of the epidermal and cortical 
tissues is considerable, the average being approximately 5 atmospheres. It 
is somewhat greater than the average in the youngest three zones and some¬ 
what less in the oldest four zones. If the physical pressure imposed upon 
tin* cortical tissue is disregarded, these figures would indicate that the water 
tends to flow' from the epidermis to the cortical tissue, which is in harmony 
with the notion that the epidermal tissue serves as a water reservoir. The 
fact that the difference is less in the older zones and greater in the younger 
would seem to indicate that the flow of water from the epidermal tissue to 
the cortical tissue occurs more readily in the younger zones. It would thus 
appear that the young developing cortical cells, not far removed from the 
region of proliferation, can be quickly supplied with water from the older 
cortical cells and also from the epidermal cells of the same age. 

The high average difference between the two tissues must not be inter¬ 
preted to mean that the possible flow' of water from the epidermis to the 
cortical tissue is necessarily great, because the nature of the walls of the 
tw’o tissues is not the same, and it is quite possible that a sufficient resistance 
is offered by the walls to reduce tlie water current which is induced by the 
high potential difference of 5 atmospheres. If it were possible to determine 
the resistance of the wall to the flow' of water and incorporate it in the gen- 

< r » Experimental e\idence of tin* correctness of flu* interpretation, that is of the flow 
of sap as indicated by the gradient, was obtained bv administering sugar solutions of 
slightly greater osmotic pressure* than the recorded suction tension of the* cells in the 
uppermost zones, and it was noted that the hypocotyls wilted; the wilting being noted 
first, directly above the soil, and then it progiessod steadily to the uppermost zone. These 
facts indicate that the flow* of water was reversed, passing from the upper zones to the 
next lower zones. 
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eral equation (2) as a part of the term A, the final potential difference 
between the two tissues would undoubtedly be less than 5 atmospheres. 

The average potential difference between the epidermal cells from zone 
to zone is only 0.3 atmosphere, whereas the difference from epidermal tissue 
to cortical tissue is approximately 5 atmospheres. This is rather surprising, 
since the potential difference vertically must be sufficient to cause the water 
to ascend against the force of gravity and also to overcome the resistance 
of the horizontal cell walls. It is difficult to see how the water could rise in 
the epidermal cells unless a wall resistance to the flow of water from the 
epidermis to the cortical tissue is assumed. This assumption would presup¬ 
pose that the nature of the vertical walls of the epidermal tissue is different 
from the horizontal walls of the epidermal cells. This assumption is not too 
bold in view of the fact that it is well known that cell walls do not grow much 
horizontally, but do grow vertically (17). We might then well assume that 
the vertical walls offer a great resistance to the flow of water, but the hori¬ 
zontal walls offer less resistance, so that the water flows more readily ver¬ 
tically into a given epidermal cell than it does from the same cell hori¬ 
zontally, in spite of the greater horizontal potential difference. It may 
further be assumed that the wall resistance to water flow from epidermal 
tissue to cortical tissue increases with the development of the cell wall, i.e. 
it is greatest in mature cells ami least in young cells. In the older cells 
where, as was previously shown the difference between the >Si n values for the 
two tissues is least and the wall resistance to water flow is probably greatest, 
there is not so great a tendency of water to flow from the epidermis to the 
cortical tissue in spite of the potential difference indicated by Sz n differences 
(see table 4, col. 6, 7) as there is in the younger cells. 

THE WALL PRESSURE AND THE NATURE OF THE WALL 

The wall pressure is a vector which acts antagonistically to the hydro¬ 
static pressure and tends to diminish or to prevent entirely the influx of 
water into the cell sap cavity. When the cell is in the state of incipient plas- 
molysis its scalar value is evidently zero, but in the saturated state it is 
maximum, and it is equal to the hydrostatic pressure or to the osmotic pres¬ 
sure of the cell sap (SiJ. Assuming that the increment of the wall pressure, 
from incipient plasmolysis to the saturated state, is proportional to the 
change in the volume of the cell, the wall pressure of the normal cell can be 
determined according to the equation: 

* V - V 

W u = W.x^ r ~ (3) 

in which W n is the wall pressure in the normal state; W s , the wall pressure 
in the saturated state; (V n -V*), the change in volume from the normal 
state to the state of incipient plasmolysis; and (V 8 -V g ), the change in 
volume from the state of plasmolysis to the state of saturation. 
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From the formula it is evident that the contraction and the expansion of 
the cell wall are important factors which influence the value W n . If the cell 
wall is extensible it offers little resistance, so that V B — V g is relatively great 
and the value of \V n is proportionately small; furthermore, under this condi¬ 
tion the influx of water is relatively great and the osmotic pressure (which 
is numerically equal to W„) of the cell sap at saturation is correspondingly 
low, so that both factors tend to make W„ relatively low when the walls are 
plastic and extensible. If the walls are not plastic, but elastic, V 8 ~V g be¬ 
comes less, W a becomes greater and W n becomes greater in consequence. 
The rate of increment will depend upon the coefficient of elasticity of the 
cell wall. When the Avails are rigid, or only slightly elastic V 8 - V* is small, 
and W b not much different from Si g , i.e. relatively high. In consequence W n 
is great and the rate of increment from zero to maximum is great. 

From these considerations it, is evident that the values obtained for W n 
should indicate, to some extent at least, the nature of the cell walls in the 
various stages of cell development; but W R depends also upon the capacity 
of the cell and on the solute produced during the cell’s growth, it may not 
be assumed that the variations of W„ give an exact expression of the Avia¬ 
tions of the modulus of elasticity of the Avail. 

lii this connection it should bo recalled that the discovery by Ursprung 
and Blum (47) that turgor Avas minimum in the zones of vigorous growth 
created surprise only because the nature of the osmotic quantities and the 
nature of groAvth by coll enlargement Avere so little understood at the time. 
Now that the osmotic relations are better understood and our knowledge of 
the structure of the cell Avail in the A T arious stages of the cell’s development 
has advanced their results appear to be as they should be, and the old and 
widely held vieAV that cell enlargement is entirely due to the hydrostatic 
pressure from Avithin is untenable. 

These facts must be borne in mind during the interpretation of our re¬ 
sults. While it cannot be claimed that the Avail pressure gives quantitative 
expression of the plasticity, the rigidity, or the coefficient of elasticity, never¬ 
theless the results give some evidence of the condition of the wall in the 
various stages of the development of the cell, and are not contradictory to 
the knoAvn facts regarding it. 

Ursprung and Blum’s discovery of minimum turgor in the zone of maxi¬ 
mum groAvth gaA T e the first experimental evidence that the wall must grow 
actively during the process of groAvth by cell enlargement. The reader is 
referred to the revieAVS of the literature on this subject by Frev-Wyssling 
(21) and by Anderson (1). Undoubtedly the biochemical regulator auxin 
induces the active growth of the cell Avail, but Avith time it is becoming more 
evident that the material added to the Avail is elaborated by the protoplast. 
Not only is the mass of the Avail changed during groAvth but its nature also; 
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the extensibility, the elasticity, and the rigidity are all modified. Heyn (28) 
and Soding (39) produced conclusive evidence that the changes in the na¬ 
ture of the cell wall are not, however, primary causes of .growth. Gessner 
(23) also show r ed that a change in extensibility must be considered a phe¬ 
nomenon of growth and not its cause. The data which we present are not 
intended to prove these facts, but they are in agreement with them and serve 
well to illustrate them. 

In table 5, the results obtained for W„ are given for the two tissues. Con¬ 
siderable experimental error was discovered in our data for the cortical 
tissue in the sixth zone and conditions prevented a repetition of the experi¬ 
ment so that the space for that value was left blank. 

In the examination of our data it must not be forgotten that although the 
hydrostatic pressure is not the cause of growth, it is, like the increment in 
the wall and the changes in the wall’s nature, a growth phenomenon. Unless 
solute were produced as cell enlargement proceeds the turgor could not well 
be maintained. As previously stated Beck, Lonsing, and Andrus (10, 14) 
proved that the production of solute is proportional to the growth. The 
importance of the solute as a factor in the production of wall pressure is 
evident from the equation: 

W„ = Si n - Sz„ (1) 

in which W n is the wall pressure; Si n , the suction tension of the contents of 
the cell; and Sz n the suction tension of the cell as an entity. From a com¬ 
parison of the Si n values given in table 3, the Sz n values given in table 4, and 
the W n values given in table 5, it becomes evident that the relatively low Sz n 
values for both tissues in the growing zones are undoubtedly determined by 
the changes in the nature of the wall rather than by changes in the rate of 
solute production. To make this more evident these different values have 
been plotted against the distance from the cotyledons (see figure 5). If the 
cell were not to change its volume and if the nature of the wall were to 
remain the same, the maximum (Sz n ) and the minimum turgor in the region 
of greatest growth could not be explained because the turgor should in that 
case increase proportionately with the solute production. This, however, not 
being the case, the changes in the wall must be assumed actually to occur. 
The changes might be in the volume of the cell, or in the nature of the <?ell 
wall, or in both. 

In table 5, the normal wall pressure and the pressure of the saturated 
cell are recorded. The normal wall pressure is given as derived from equa- 
tioti (1) in which Sz n was obtained by direct experiment and Si n as previ¬ 
ously explained. It is also given as obtained by calculation according to 
equation (2). For both tissues the results obtained by the two methods are 
of the same order and of nearly the same value. 

The W, is recorded only for the purpose of giving the quantities neces¬ 
sary for checking the results. As previously explained they represent the 
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osmotic pressure of the cell sap at the point of saturation. Since the forces 
involved are not purely osmotic in the first zone and to some extent in the 
second, the actual W 8 is probably lower than the recorded value. Since W B 
is an implicit function in equation (3) the value of the explicit function W„ 
must be too high for these two zones. The results obtained by equation (1) 
(in which W 8 is not involved) can be considered as being obtained by direct 
experiment. They are actually somewhat lower than those obtained by equa¬ 
tion (2). They are, nevertheless, too great, because the values Si n and Sz n 
also involve noil-osmotic forces in these two zones. We have no means of 
determining exactly how much lower the two values actually are. The fact 

TABLE 5. The Wall Pi ensure of the Derelopiiiff Epidermal and Cortical Cells in 
the Hypocohjl of Ilchanthus Seedhnas in the Normal State (IF,,) and in the Saturated 
State'(W *).' 
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that we failed to obtain minimum turgor at the point of maximum rate of 
enlargement, i.e. 6.5 mm. from the base of the cotyledons or in the uppermost 
region of the second zone (10, 14), is, no doubt, due to the involvement of 
non-osmotic forces. Our actual minimum occurred in the fourth zone. This is 
particularly interesting because previously Beck and Donnelly (13) estab¬ 
lished the fact that in strictly comparable plants a critical point occurs 
beyond which the cells respond with great difficulty to geotropic stimulation. 
The point is well defined and is located 25 mm. from the base of the cotyle¬ 
dons, or at tin* end of the fifth zone. Our results and those of Beck and Don¬ 
nelly clearly indicate that some critical change must occur in the nature of 
the cell walls which is initiated in the fourth zone and is almost completed 
in the fifth. If it be assumed (and the assumption is in harmony with our 
results) that beyond the fourth zone the cells become rigid, the reason for 
the sharp point of demarcation is given. In the lowermost four zones the 
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steady increment of the wall pressure is very evident; this is, no doubt, due 
to the increasing rigidity of the wall. This becomes more evident when it is 
borne in mind that it is precisely in this region that the ability of the 
cells to expand when gorged with water (see figure 2) and the change in 
concentration of the sap from O n to () s or O n - 0 K becomes less (see table 2). 
From these results and considerations it follows that if Ursprung’s state¬ 
ment, that the turgor is minimum when the growth rate is maximum, must 
be taken as strictly correct, it cannot be arrived at by purely plasmolytic 
methods such as we employed. According to our data the minimum turgor 
does not occur in a sharply defined manner, so that low turgor extends 
through the second, third, and fourth zones. The actual minimum is in the 
fourth zone for the epidermis and in the third for the cortical tissue. 

The Modulus. The variations in the wall pressure indicated changes 
in the physical nature of the cell wall. It is desirable to express such changes 
in the variation of a modulus. This is, however, always difficult, if at all pos¬ 
sible. The volume modulus expresses the restoring force which is evoked by 
a. given change in the mean distance between the molecules, the configuration 
remaining unchanged. The rigidity modulus measures the restoring force 
produced by a change in the relative position of the molecules without 
changing the mean distance. Ordinarily a cross between the two is employed 
for practical purposes, which is known as Young’s modulus. None of these 
can easily be applied for the interpretation of our data. The data do, how¬ 
ever, permit us to express the strain produced by a given stress, and this is 
what the modulus essentially expresses. It is necessary in the expression of 
a modulus that the material be not strained beyond the limits of elasticity. 
Now, our data gave unequivocal evidence that in the first and second zones 
the turgor stretches the walls beyond the limits of elasticity, so that the 
figures for these zones might well be questioned. Since it is difficult to verify 
if the walls have been stretched beyond the limits of elasticity, it is more re¬ 
liable to employ the figures obtained for the relative contraction rather than 
those for relative expansion. 

In figure 2 the relative expansion and contraction obtained in the various 
zones for the two tissues is given in graph form. The original sizes were 
determined while the specimen was immersed in paraffin oil. The expansion 
was obtained by permitting the cells to gorge themselves with water. The 
contraction was obtained by placing the,specimen in the plasmolyte of the 
exact 0* concentration. 

* A study of figure 2 makes it evident that the cortical tissue expands more 
readily than does the epidermis. In the first four zones it also contracts more 
readily than the epidermis, but not so in the older zones. In harmony with 
the conclusion arrived at from the study of the wall pressures these graphs 
also indicate very evident changes which take place in the nature of the cell 
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walls, particularly in the third and fourth zones. It was precisely in these 
zones also where great difficulty was experienced in the exact determinations 
of the osmotic values by the method of averages and great care had to be 
exercised. Tt is now evident that the cells of the fourth zone are in a critical 
state and difficulty in obtaining consistent results will be experienced if one 
is not extremely careful to work the determinations exactly at the location 
within the limits indicated. 

Since the cortical tissue expands readily in the first three zones and also 
contracts to a fair extent (in fact more than in older zones) but not nearly 
in the same degree as the expansion, it follows that this tissue is plastic but 
possesses a slight degree 4 of elasticity, and is practically non-rigid, in the first 
three zones. The epidermal tissue, however, loses in extensibility, but does 
not Jose much in contractibility which would indicate that in the first and 
second zones this tissue is plastic and is practically 11011 -elastic. The plasticity 
of the first and second zones can also be detected by attempting to break the 
hypocotyl in these regions. It breaks very easily under a bending or stretch¬ 
ing stress in these zones. I >ot ii tissues a re therefore practically devoid of 
elasticity and rigidity in the younger zones, lleyond the fourth zone the 
hypocotyl is more tenacious and does not break readily under a bending 
stress or stretching stress. 

In table fi moduli for the \arious zones are deduced by the equation: 

(4) 

t-'n ^ I 'g 
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in which M is the modulus; \\ r n , the normal wall pressure (stress); and 
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In figure 4 the moduli for the two tissues are plotted against the distance 
from the base of the cotyledons. From this figure it at once becomes evident 
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that the epidermis in general is more rigid than the cortical tissue and that 
both tissues begin to become more rigid in the third zone and increase stead¬ 
ily in rigidity up to the maximum in the mature cells. The results are in 
harmony with the notions that the epidermis is mainly a protective tissue 
and can serve as a reservoir of water and that the cortical tissue is a dynamic 
one and readily takes up and gives off water particularly in the younger 
zones. 



Fig. 4. Moduli of the coll walls of the hypocotyl of Ifvlianthus seedlings plotted 
against the age of the cells. 


SUMMARY AND CONCLUSIONS 

A diagram of the seedlings was made to give the dimensions and show the 
zones in which the osmotic; quantities of the epidermis and cortex were deter¬ 
mined. The youngest cells, that is, those of the first and second zones, con¬ 
tained carotiriokl pigment but no chlorophyll. These pigments may form a 
part of the respiratory mechanism and influence the production of auxin. 

The determinations of the sizes of the cells proved that they grow by 
enlargement in the characteristic manner, the maximum rate being at the 
point 6.5 mm. from the base of the cotyledons, i.e. in the uppermost region 
of the second zone. The region of cell proliferation does not extend much 
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beyond 1 mm. from the base of the cotyledons, i.e. the uppermost region of 
the first zone. The active growth of the walls by intussusception is a fact. 
Turgor is not the source, or at least not the sole source of energy which causes 
cell enlargement. The active growth of the wall explains why the minimum 
turgor exists in the region of maximum growth. The transverse cell walls 
do not increase their mass appreciably but the lateral walls do. The active 
growth of the lateral walls, their plastic condition, the high suction tension, 
and low turgor in the young cells, explain the fact that the hypocotyl is less 
in diameter in the first zone (see figure 1). Solute is produced in proportion 
to cell enlargement. The cell sap cavity is small and the forces resembling 
osmotic forces are really noil-osmotic in nature. 

The following parallel gradients were established: 

1) The plasmatic gradient; maximum viscosity being in the youngest cells. 

2) Swelling gradient; greatest swelling power being in the protoplasm of young 
cells. 

3) Electrical potential gradient; the greatest potential being in young colls. 

4) Suction tension gradient; maximum suction tension being in tlie actively growing 
regions. 

There are radial gradients: the concentration of the sap increases from 
the epidermis to the cortex; the 0 K and Sz u gradients are similar to the Si n 
gradient. 

The walls of the very young cells are plastic and extensible, w 7 hile the 
older ones are less plastie and more elastic*, and the mature ones are slightly 
elastic and almost rigid or non-extcnsible. All of these effects are probably 
the result of the activity of the protoplasm which is influenced by the auxin. 
The auxin need not necessarily be conducted to the protoplasm but may 
exercise its effects inductively in a physico-chemical manner comparable to 
the manner in which “evocators” are supposed to operate in animal tissues. 
It is probable that the chromatin of the young proliferating cells is involved 
in the process of growth by cell enlargement. The Avails of the cortical cells 
are more extensible than those of the epidermal cells. They are able to con¬ 
tract more than those of the epidermal cells wliile young, that is, in the 
uppermost three zones. The walls of the cortical cells are always less rigid 
than those of the epidermal cells (see figure 4). A critical change begins to 
manifest itself in the nature of the Avails in the third zone, but it does not 
create an appreciable change in the normal Avail pressure until later, i.e. in 
the fourth zone (see figures 4, 5) Avhere the rate of change is marked. This 
change explains the critical point at Avhicli quick response to geotropic stimu¬ 
lation ceases, namely 25 mm. from the base of the cotyledons. The concentra¬ 
tion of the cell sap is maximum when the size of the cell is minimum, and 
vice versa. This may not be explained on the basis of increased capacity of 
the cell alone, because the production of solute is in proportion to the growth. 
O g , O n , and 0 8 are consistently higher in the cortex (see table 2) but the 
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difference becomes smaller with the age of the cell. In the mature zones the 
difference is slight (see figure 3). 

The suction tension of the cell as an entity is maximum in the youngest 
zones and minimum in the mature, so that a gradient in the direction of the 
flow of water is established. A similar gradient exists from the epidermis 
to the tissues that lie within. The greatest potential difference between the 
tissues exists in the youngest cells and it is least in the mature cells. If the 
resistance which the walls offer to the current strength of the waterflow is 
disregarded, it appears that the water can flow upward in the epidermis 
and inward to the cortex. It is probable that the older cell walls offer con¬ 
siderably more resistance to the current than do the young cell walls, so that 
the inward flow is probably considerably less in the older cells than in the 
younger ones. 

The maximum potential difference in suction tension between cells of the 
same tissue is between the fourth and fifth zones for the epidermis, and the 
third and fourth for the cortical tissue. This can be explained by the criti¬ 
cal changes which take place in the walls of the cells in the respective regions. 

The results recorded for the wall pressure give evidence of the changes 
in the physical nature of the wall during the process of cell enlargement. 
The results for the turgor are in general agreement with the claims of 
Ursprung and Blum that it is minimum in the region of active growth. The 
minimum is not exactly at the point where the rate of enlargement is maxi¬ 
mum (6.5 mm. from the base of the cotyledons) but in the fourth zone where 
the critical changes in the physical nature of the wall occurs, and where the 
quick response to geotropic stimulation ceases. The turgor is maximum in 
the mature cells, where the w r alls are rigid. 

In figure 5 the sizes of the cells (L n ) and the values of the osmotic quanti¬ 
ties which are of chief interest, namely, the wull pressure (W n ), the Suction 
tension of the normal cell sap (Si„), and the suction tension-of the cell (Sz n ) 
w r ere plotted against the age of the cells, to give a summary view’ of their 
relationships during the process of enlargement. 

A summary of the conditions of the cells and the osmotic quantities in 
the various zones (see figure 1) can be given as follow’s: 

Zone 1. The diameter of the hypocotyl is minimum. The cells contain 
carotinoid pigment which might form a part of the respiratory mechanism. 
The uppermost region, approximately 1 mm. in length is the region of cell 
proliferation; the cells are compressed in appearance, show’ mitotic figures 
and lack a cell sap cavity. In the remaiiiing part of the zone the cells fail to 
divide and begin to enlarge. The protoplasm of the cells is of maximum vis¬ 
cosity as is its swelling power, and its electrical charge. The cell w ? all is more 
intimately united with the protoplasm than in the succeeding zones, and 
plasmolysis is more difficult and takes a longer time. The w r alls are plastic 
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and extensible. The hypocoty] breaks easily under a bending or stretching 
stress. The forces which tend to supply water are largely non-osmotic in 
nature. The 0 K , O n , O s , and Sz n are maximum for both tissues. The respective 
differences in these quantities for the two tissues are in favor of the cortex 
and are maximum in this zone. Water flows readily from the epidermis to 
the cortex. 



Fig. 5. Size of the cells (L,,), Avail pressuie (\V„), suet ion tension of the sap (Si„), 
and suction tension of the cells (Sz„), correlated with tin* age of the cells of Jlchanthns 
seedlings. 


Zone X. This zone contains the point of maximum rate of enlargement; 
it is located at 6.5 mm. from the cotyledons or 1.5 mm. from the upper limit 
of this zone. The cells contain a slight amount of carotinoid pigment. The 
viscosity of the protoplasm, the electrical charge, arc less, in accord with the 
described gradients. The 0 B , the O n the ()„, and the Sz n also decrease accord¬ 
ing to their respective gradients. The plasticity of the walls is still consider¬ 
able, the elasticity and rigidity are negligible, the turgor is improved par- 
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ticularly in the lowermost part of the zone, where a bending: or a stretching 
stress tends to break the hypoeoty] less readily. 

Zone 3. The protoplast and osmotic quantities change according to the 
described gradients. The rigidity of the cell walls is negligible, but there are 
indications of definite increment in rigidity which comes to clear expression 
in the fourth zone (see figure 4) where it manifests its influence on the wall 
pressure and the suction tension (see figure 5). The Sz n potential difference 
is maximum for the epidermis in this zone. 

Zone 4. Critical changes in the nature of the wall manifest their effects 
in this zone; they act disturbingly in the process of determining the osmotic 
quantities so that unusual care is necessary in the work. The critical point 
where the response to the geotropic stimulation fails to follow quickly is in 
this zone. The walls are no longer plastic, but are somewhat elastic. The Sz n 
potential difference is maximum for the cortical tissue. 

Zone 5. The elasticity of the walls decreases and the rigidity increases. 
The rate of increase is greater in the epidermis than it is in the cortical 
tissue (see figure 4). 

Zone 6. The cells are almost mature. The cell walls are only slightly 
elastic and more rigid. 

Zone 7. The cells are of maximum size, and the amount of solute present 
is also maximum. The wall pressure, turgor, and rigidity of the wall are 
maximum, but the concentration of the sap (O n ) and the suction tension of 
the cell (Sz„) are minimum. The walls are hardly extensible, only slightly 
elastic, and the degree of rigidity is high, particularly in the epidermis (sec 
figures 4, 5). 

Instittttum Divi Thomae 
Bradley Hall 

Palm Beach, Florida 
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A NEW CONSTITUENT IN WHEAT GERM OIL 

H. H. Bunzell 

In the course of our study of tlie vitamins present in wheat germ oil we 
found that wheat germ oil lias a stimulating effect on the action of potato 
tyrosinase. This is true whether we use wheat germ oil extracted in the labo¬ 
ratory with ether and petroleum ether, or commercial wheat germ oil pressed 
(Abbott’s Medicinal Wheat Germ Oil), or wheat germ oil extracted by 
ethylene dichloride (VioBin Corporation). 

This phenomenon seems significant because of the various physiological 
functions with which, according to recent work, the copper enzyme, tyrosi¬ 
nase, seems to be concerned. Perhaps the most outstanding of these relation¬ 
ships is the destructive effect of tyrosinase on the vaso constrictor substance 
—hypertensin (8) and the oxidation of estrogens and their complete in¬ 
activation (fi). 

TECHNIQUE 

The methods used were based on work described in earlier articles (2, 13). 
The simplified catox apparatus used in these experiments is shown in figure 
l, 1 and has been described before (4, 7). The constant temperature chamber 
has also been described elsewhere (7). 

The potato juice was pressed out by hand from ground peelings and was 
diluted with four volumes of water. In this dilution the tyrosinase activity 
was (UOl-O.Kili Bunzell units (2, p. 40). The oxidase reagent used in this 
experiment was pure p-cresol. The reason for the choice of p-eresol in this 
connection was two-fold: one is that the mechanism of the oxidation of 
p-eresol by tyrosinase has been exhaustively studied by Nelson and collabo¬ 
rators (1). The other reason is that our work on the oxidases of potato tubers 
showed that p-eresol oxidation is influenced more than that of any other 
seventeen reagents used (5, 6). 

All experiments were carried out in the presence of a phosphate buffer, 
pH 7. in control experiments a highly refined Russian mineral oil was used 
in place of wheat germ oil. In the effective experiment, dilution of the wheat 
germ oil when required was made with the same mineral oil. 

PROCEDURE 

Of the three compartments of the catox apparatus, the middle one was 
not used in these experiments. It served a useful purpose in assuring separa¬ 
tion before deliberate mixing of materials placed in compartments 1 and 3. 
The following typical experiments will show the disposition of the materials: 

i The plate for figure T was furnished by the author. 
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Experiment 1 

In compartment No. 3 : 1 cc. 20% potato 
juice. 

In compartment No. 3: 0.022 g. p-crcsol, 
0.5 cc. buffer sol., 0.5 cc. Bus. min. oil. 


Experiment 2 

Tn compartment No. 1: 1 cc. 20% potato 
juice. 

Tn compartment No. 3: 0.022 g. p-cresol, 
0.5 cc. buffer sol., 0.0387 g. tocopherol in 
0.5 cc. Bus. min. oil. 


The constant temperature chamber was maintained at 35° C. The air 
vents (No. 7 in fig. ]) remained open until the temperature became adjusted, 
which required a little over a half an hour. The vents were then closed by 
turning the manometer (No. 5 in fig. 1) through 90° by inserting the hand 
through the trapdoor on top of the constant temperature box and beginning 
shaking, thereby mixing the components and initiating the reaction. 

Rate of shaking was 140 excursions per minute; extent of excursion was 
5.5 cm. 



EXPERIMENTAL WORK 

Readings were made as a rule at intervals of ten minutes and the experi¬ 
ments were of twenty-five to thirty minutes duration. For purposes of illus¬ 
tration a typical set of experiments is given in table 1. The data correspond 
to the conditions outlined under experiments 1 and 2 above. 

Comparison of the final result obtained in experiment 2 with that ob¬ 
tained in experiment 1 shows an increase of 48%, due to the tocopherol 
preparation used. Throughout this paper only the last reading obtained at 
the end of twenty-five or thirty minutes will be used for comparison. 

The selection of the proper quantity of p-cresol is important, because of 
its destructive effect on the tyrosinase when used above certain concentra- 
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TABLE 1. The effect of tocopherol on potato tyrosinase 


Readings 


m nun. 

Exp. 1 
(’ontrol 


Exp. 2 

Tocopherol added 

0 

0.0 


0.0 

10 

4.9 


8.2 

20 

10.0 


14.8 

25 

12.3 


18.2 


tions. For example, it was found that 0.0185 g. p-eresol used in an experi¬ 
ment gave a final reading* of 14.0, while twice that amount, 0.0370 g., re¬ 
sulted in complete inhibition, presumably due to the destruction of the 
tyrosinase. We found it most satisfactory to use 0.022 g. p-eresol in each ex¬ 
periment, this being an innocuous amount and also easily measured in our 
calibrated micropipette. 

Many experiments were performed, varying concentrations of the com¬ 
ponents of the system and also changing the physical conditions. Table 2 
summarizes typical data. They are representative of all results obtained. 

TABLE 2. The efftet of wheat perm oil on potato tyrosinase 


().;■> cc. 

0.5 cc. 

0.5 cc. win 
0.25 <*c. 
0.05 pc. 
0.005 cc. 
O.U005 cc. 
0.5 cc. win 
0.05 cc. 
0.005 cc. 



Final 

reading 

Increase due 

Control 11 

made in this laboratory by 

Addition” 

to addition 

‘ther and petroleum ether) 

13.2 

18.0 

36.4% 

ditto 

8.4 

12 2 

45.2% 

ditto 

5.(5 

9.5 

69.8% 

Abbott) pressed 

13.6 

18.55 

36.4% 

ditto 

12.05 

16.1 

33.6% 

ditto 

13.4 

17.5 

30.6% 

ditto 

11.45 

13.85 

21.0% 

ditto 

13.7 

13.85 

Insignificant 

VioBin Corporation) extracted 

8.65 

11.75 

35.8% 

ditto 

9.85 

12.15 

23.3% 

ditto 

8.9 

10.6 

19.1% 


All three kinds of wheat germ oil, even if used in only 1% solution 
(equivalent to 0.005 cc.), produced an increase in the rate of tyrosinase ac¬ 
tivity. Each set of results in table 2 represents a series of experiments carried 
out with fresh potato juice. There is considerable variation in the activity of 
the juice, since no attempt was made to use peelings of uniform thickness. 
This also explains why data showing an “increase” lack mathematical uni¬ 
formity. Their significance is largely qualitative. 





602 


BULLETIN OF THE TORREY CLUB 


{Vol. 70 


Iii all of the experiments here summarized, as well as all others tried, the 
increase in tyrosinase activity was accompanied by a difference in color. This 
was not observed where the difference between the control and “addition” 
experiments was insignificant (table 2, line 8). The reaction mixture of the 
control experiments was dark brown; that of the addition experiments, brick 
red. The dark red color could be extracted with methyl alcohol, indicating 
the presence of OH groups. Ether or chloroform extracts were colorless. 
The brick red color in the “addition” experiments was not soluble in 
alcohol, but gave a bright yellow solution with ether or chloroform. The 
bright yellow color of the extracts would indicate the presence of quinoid 
groups. There is every indication that in the stimulation experiments, there 
is not only a speeding up of the reaction, but also the formation of a different 
oxidation product. 

Wheat germ oil contains, besides the vitamins of the E complex, vitamin 
A. To determine whether the vitamin A content of the wheat germ oil is 
related to the effect here described, we evaluated the vitamin A content of 
the VioBin wheat germ oil in terms of White’s vitamin A preparation. The 
latter contained 108,100 TJ.S.P. units per gram. The comparison was made in 
a “Lumetron” electrical colorimeter using isopropyl alcohol as a solvent. 
It was found that a 10% solution of VioBin oil would contain per gram the 
equivalent of 0.00195 g. of the vitamin A oil used for comparison. This 
corresponds to a 0.2% solution of the comparison preparation. Table 3 shows 
results obtained at the end of thirty minutes. Experiments 1 and 8 are 
controls containing 0.022 g. p-eresol, 0.5 cc. water, 1 ee. 20% potato juice, 
and 0.5 cc. cotton seed oil. Experiments 2 and 4 contained the same reagents, 
except that the cotton seed oil was replaced by an equal amount of a 0.2% 
solution of vitamin A oil (White) in cotton seed oil. The amount of vitamin 
A in experiments 2 and 4 would equal that contained in the same volume of 
10% VioBin wheat germ oil solution in cotton seed oil. 

TABLE 3. The effect of vitamin A on potato 1 tirosniase 


Experiment J 2 3 4 

Filial rending 12.4 12.0 12.5 11.8 


Comparing the average of 1 and 3, i.e., 12.45, with the average of 2 and 4, 
i.e., 11.9, we find that no increase is brought about by the vitamin A. This 
result is corroborated by the lack of any difference in coloration in the ulti¬ 
mate mixtures. 

The next most obvious thought is that a tocopherol might be responsible 
for the effect. We secured a pure d,l a tocopherol from Merck and Company. 
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The material was weighed directly into the eatox apparatus. Results are 
shown in table 4. 

TABLE 4. The effect of il,l a tocopherol on potato tyrosinase 
In each trial the following substances were used: 0,022 g. p-cresol, 0.5 ec. buffer, 1 cc. 
20% potato juice, and Russian mineral oil and <1,1 a toeopheiol as indicated below. 


Experiment 


Final reading 
Experiment 


Final reading 


1 2 3 

Control 0.0045 g. <1,1 a tocopherol 0.0071 g. (1,1 a tocopherol 

0.5 cc. Bus. min. oil in 0.5 cc. Bus. min. oil in 0.5 cc. Rus. min. oil 

14.95 14.8 14.7 

4 5 6 

Control 0.0114 g. (1,1 a tocopherol 0.0195 g. <1,1 a tocopherol 

0.5 cc. Rus. min. oil in 0.5 cc. Rus. min. oil in 0.5 cc. Rus. min. oil 

14.2 14.3 13.8 


Results given in table 4 show that d.l a tocopherol (Merck) does not 
stimulate the action of tyrosinase. These results are corroborated by the fact 
that in both sets there was no difference in the color of the final reaction 
mixtures when the controls were compared with the corresponding tocoph¬ 
erol experiments. The color in all cases was dark brown. 

We next tried a preparation of a, [3, and y tocopherol (Abbott Labora¬ 
tories). This is made by the distillation of certain vegetable oils and contains 
2«)'; of a mixture of the three tocopherols. We have been unable to learn 
anything about the nature of the vegetable oils used besides wheat germ oil, 
nor have we been able to establish the relative amounts of a, (3, and y 
tocopherol in the mixture. Results are given in table 5. 

TABLE 5. The efftet of a, fi, y tocopherol on potato tyrosinase 

In each trial the following substances were used: 0.022 g. p-cresol, 0.5 cc. buffer, 1 cc. 
20% potato .juice, and Russian mineinl oil and a, y tocopherol as indicated below. 


Ex'peiiment 1 

Control 

0.5 cc. Rus. min. oil 


Final reading 12.3 


2 3 

0.0335 g. a, (3, y toeopli- 0.0387 g. a, (3, y tocoph¬ 
erol in 0.5 cc. Rus. erol in 0.5 cc. Rus. 

min. oil min. oil 


10.7 


18.2 


The a, (3, y tocopherol preparation furnished by Abbott produced a pro¬ 
nounced increase in the tyrosinase activity. In experiment 2 (table 5) the 
increase was 25'*, in experiment 3, 47.9'r ; the color in the control was the 
usual dark brown, while in the tocopherol experiments the color of the final 
reaction mixtures was brick red. 
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CONCLUSIONS 

There is in wheat germ oil a constituent which speeds up the tyrosinase 
oxidation of p-cresol. This effect is not produced by the vitamin A in the 
oil or by the alpha tocopherol. It may be produced by beta or gamma 
tocopherol or by some other constituent of wheat germ oil. Owing to the 
extremely small concentration of vitamin K in wheat germ we are not in¬ 
clined to attribute the effect to K. This point however, is being investigated 
in this laboratory. 

Under the influence of the substance studied a different oxidation prod¬ 
uct. is formed. This appears to be of quinoid character. It is possible that, in 
normal tyrosinase oxidation of p-cresol, the unstable hydroxyquinone 
formed as the third stage of the oxidation spontaneously disappears, while 
in the presence of the new component, it combines with it and thus becomes 
stabilized (10, pp. 198, 199). 

Bunzell Laboratories 
New York 


Literature Cited 

1. Bordner, C. A. & Nelson, J. M. 1939. On the oxidation of p-cvesol hy moans of 

tyrosinase. .Tour. Am. Ohem. Roe. 61: 1507-1513. 

2. Bunzell, H. H. 1912. The measurement of the oxidase content of plant juices. V. R. 

Dept. Agr., B. P. 1. Bull. 238: 7-40. 

3 . -. 1912. The measurement of the oxidase content of plant juices, dour. 

Am. (’hem. Roc. 34: 303-316. 

4. -1914. A simplified and inexpensive oxidase apparatus, dour. Biol. 

Ohem. 17: 409-411. 

5. -. 1914. Oxidases in healthy and curly-dwarf potatoes. Jour. Agr. Res. 

2: 373-404. 

6. -. 1916. The relative oxidase activity of different organs of the same 

plant. Jour. Biol. Cliem. 24: 103-110. 

7. -. 1942. A simple method for P» l determination. Iii<}. and Eng. Chem. 

(Anal. Ed.) 14: 279-280. 

8. Croxatto, H. & Croxatto, R. 1941. Inhibitory action of amine oxidase on the 

vasoconstrictor effect of liyperteiisin. Proc. Roc. Exptl. Biol. Med. 48: 392-395. 

9. Graubard, M. & Pincus, G. 1942. Rteroid metabolism: Esterogons and phenolases. 

Endocrinology 30: 265-269. 

10. Sumner, J. B. & Somers, G. F. 1943. Chemistry and methods of enzymes. Academic 
Press, New York. pp. i-xi, 1-365. 



BULLETIN OF THE TORK E Y BOTANICAL CL U B 


VOL. 70, No. 0, pi*. <*05-011 


Novemhkr, 194ft 


CROSSING-OVER AND SECOND DIVISION SEGREGATION 

IN FUNGI 

Francis J. Ryan 

Tn some fungi the segregation of* genetic factors can be determined by 
the linear order in which different phenotypes are distributed anions the 
“sexual” spores. When two mutant characters are found in the order A A 
a a the best interpretation is that the alleles responsible for them have sepa¬ 
rated in the first ineiotic division. On the other hand when the arrangement 
is A a A a or A a a A they have separated in the second division (Dodge 
1927; Wilcox 1928). Such second division segregations have been explained 
by many mycologists in terms of a disjunction of homologous chromosomes 
during the second meiotic division. Dodge (1940) has shown, however, that 
in many cases there is an equally possible alternative explanation which in¬ 
volves the more modern but uo\n classical notions of first division disjunction 
and crossing-over. Despite Dodge’s suggestion, there are two studies on in¬ 
heritance in aseomveetes which apparently confirm with genetic data the old 
mvcological point of view. Doth Wiilker (1935) and Zickler (19154), who are 
aware of the view now prevalent among geneticists that alleles may be re¬ 
duced (separated) in either the first or second meiotic division, contend that 
second division disjunction of homologous spindle fiber attachments or 
kinetoehorcs (centromeres) must also be invoked to explain their experi¬ 
ments with Scurospora and Bombardta respectively. This of course implies 
that each kinetoehore is divided in the first division, an unprecedented hap¬ 
pening in the normal meiosis of other organisms. To date no adequate refuta¬ 
tion based upon an analysis of their extensive data has been made. 

Zickler vas fortunate in being able to determine certain genotypes among 
his ascospores without dissection and germination because some of the genes 
with which he dealt affected the color of the ascospores themselves as well as 
the myeelia they produced In a cross of the nndis and lac tea mutants the 
arrangement of greenish and colorless spores in the intact ascus showed that 
second division segregation took place in (*6.4 per cent of 2355 asci. This, 
Zickler pointed out, would occur if the separation of the four chromatids 
into pairs in the first meiotic division occurred at random. That is, each chro¬ 
matid has an equal chance to associate with each of three others. Since only 
one of the others is a sister chromatid while two are non-sisters, first division 
segregation (association of sister chromatids) occurs half as frequently as 
second division segregation (association of non-sister chromatids). 1 

i Walker believes the ratio would be 1 : 1 instead of 2:1 if the separation into pairs 
were random. His error lios-in the fact that he considered only separations along the equa- 

<50-5 




606 


BULLETIN OF THE TORREY CLUB 


[VOL. 70 


If Zickler’s interpretation is correct then all factors, irrespective of tlieir 
location on the chromosome, should show second division segregation in two 
thirds of the cases. 

In a cross of viridis and rubiginosa mutants, however, 8204 asci contain¬ 
ing greenish and reddish spores showed 64 per cent second division segrega¬ 
tion. Zickler himself calculated that this percentage was significantly differ¬ 
ent from 66.7 per cent by statistical test. Tn an attempt to explain this dis¬ 
crepancy he concluded that something (external) must have influenced the 
random separation of the individual chromosomes or suppressed their longi¬ 
tudinal split. 

Zickler may be correct in assuming that some uncontrolled (although 
perhaps genetic) variable is influencing the number of second division segre¬ 
gations. For viridis, rubiginosa and lactea are multiple alleles and, although 
he does not believe so, they would be expected to show the same percentage 
second division segregation. Nevertheless, the task at hand is to determine 
whether a second division disjunction is the necessary interpretation of these 
data. 

The problem can be approached by an analysis similar to that which 
Lindegren (1933) used in liis studies on Ncurospora. Since color is linked 
with sex in Bombardia the percentage of new combinations of the two factors 
can be calculated and compared with the sum of one half of the percentages 
of second division segregation of these factors. (The percentages are halved 
in order to obtain values comparable to those secured in Drosophila where 
only one half of all cases of crossing-over are observed since only one of the 
four chromatids is recovered.) In the case of a first division disjunction with 
a single crossing-over these values are equal. For example, if we assume 
crossing-over to occur in all asci as outlined in figure 1, the genotypes re¬ 
covered in the haploid spores would be AB, aB, Ab, and ab. Thus, there are 
50 per cent new combinations. Second division segregation of A from a 
(A a A a) would occur in 100 per cent of the eases and this divided in half 
is 50. Here segregation of B from b in the second division (B b B b) never 
occurs and so the final value based on second division segregation is 50. This 
is exactly the same as that calculated on the basis of new combinations. When 
we assume crossing-over to occur only in some cases the values are smaller 
but still remain equal—each crossing-over results in a second division segre¬ 
gation so that two of four chromatids have new combinations of genes. From 
an agreement of this sort in Ncurospora , Lindegren correctly concluded not 
only that there was crossing-over in the‘four strand stage but that homolo¬ 
gous kinetoehores separated in the first division. 


tional or reductionnl splits and failed to consider diagonal aggregations across both of 
these planes. 
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On the other hand, if it were granted that there is a random assortment 
of the four chromatids during; meiosis as weli as crossing-over, an hypothesis 
which Zickler considered, then tin* above comparison yields very different 
results (fig;. 2). Here the genotypes recovered and their order would be: 

AB all Alt alt 33.3% 

AB alt nB Alt" 33.3% 

AB Alt aB alt - 33.3% 

100 . 0 % 

50 per cent of these are new combinations. However, since there is 66.7 per 
cent second division segregation of both A and B a value of 66.7 is obtained 
which is quite different from the value based on new combinations. Tf one 



A k A 1 



Fig. 1. Orthodox behavior of chromatids during the iiist meiotic division involving 
crossing-over and first division disjunction of homologous kinetocliores (I). The kineto- 
chores split in the second division. Fig. 2. Hypothetical behavior of chromatids during 
the first, meiotic division assuming cvossing-osei and random segregation of kinotochores 
which split in the first di\ision. Fig. 3. Double crossing-over with first division disjunc¬ 
tion of homologous kinotochores which results in old and new combinations and second 
division segregation of genetic factois. 
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assumes that the attraction of sister chromatids is somewhat greater than 
that between non-sisters then there is a closer correspondence of values cal¬ 
culated by the two methods. The values eventually coincide w r hen sister at¬ 
traction is complete but this situation is identical with first division disjunc¬ 
tion of kinetochores discussed in the paragraph above. 

If we assume crossing-over to occur only in some cases the value of 66.7 
is still obtained from second division segregations just as it was when we 
assumed either that there was no crossing-over or that crossing-over occurred 
in all of the cases. However, the value obtained from new combinations de¬ 
creases in proportion to the decrease in percentage of crossing-over and in 
this way the discrepancy between the two values increases. 

Thus a method seems available for determining whether a second division 
segregation is the result of a first or a second division disjunction of homolo¬ 
gous kinetochores. 

The only evidence which Zickler gives that could be put to this test is in a 
footnote. Here he states that there were only 37.1 per cent new combinations 
of, color and sex in the r u 1) i() i n osa -vi ridis cross. Zickler found 57.7 per cent 2 
second division segregation of color and 62.7 per cent second division segre¬ 
gation of sex. These divided in half are arbitrary measures of the map dis¬ 
tance of the loci from the kinetochores. Therefore 28.1) and 31.4 may be either 
added or subtracted according to whether the color and sex loci are on the 
same or opposite sides of the kinetochore. Since neither of the resultant 
values of 60.2 or 2.5 correspond with the map distance calculated from new 
combinations, Zickler concludes that crossing-over cannot explain the fre¬ 
quency of first and second division segregations. 

Stripped to its essence, however, this lack of correspondence simply 
means either that all the second division segregations of rubiyinom from 
viridis did not result in new combinations with sex (60.2 compared with 
37.1) or that all the new combinations were not the result of second division 
segregations (37.1 compared with 2.5). This is exactly what could be ex¬ 
pected if double crossovers had occurred (fig. 3). Such crossovers can yield 
both new and old combinations and yet the result is always second division 
segregation. If we assume for the time being that the four possible types of 
double crossing-over occur in equal proportions then the following genotypes 
are obtained in the order shown: 


2 Zickler consistently found a smaller percentage of second division segregations of 
virf&ia from rub ip mom when he dissected and germinated ascospores than ho found by 
direct count in the a sc us. For example, in this experiment he found 57.7 per cent com¬ 
pared with 64.0 per cent—an even greater deviation from the 66.7 per cent predicted on 
the basis of random segregation of kinetochores. The discrepancy between results ob¬ 
tained by different typos of analyses he likewise attributes to environmental influence. 
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ab 

ab 

AB 

ab = 25% 

Ab 

aB 

Ab 

uB = 25% 

Ab 

aB 

AB 

ab = 25% 

AB 

jib 

Ab 

aB= 25% 

100% 


There are 50 per cent new combinations. But there are 100 per cent second 
division segregations of both A and B so that a value of 100 is obtained to 
compare with 50. It is obvious there is a discrepancy resembling that be¬ 
tween the values ot* 87.1 from recombinations and 60.2 from second division 
segregations obtained in the viridis-rubiginosa cross. (The value 2.5 will 
not be considered because it may not be significantly different from 0 and 
at any rate it is not predicted by the hypothesis of random segregation of 
homologous kinetochores.) 

The discrepancy between the values for second division segregation and 
new combinations can be corrected by the use of the equation m i n-2 mil 
= ( Z new combinations between color and sex (Haldane 1919) where m = map 
distance or recombination between color and kinetochore and n-map dis¬ 
tance or recombination between sex and kinetochore. This is simply a sub¬ 
traction of an estimate of the percentage of old combinations formed by 
double crossing-over which give rise to second division segregation (see 
figure 8) from the percentage of new combinations expected if there were 
no double crossing-over. Solving. .289 + .314 - .181 = .422, or 42.2 per cent 
new combinations are expected from the data on second division segrega¬ 
tion when double crossing-over is taken into account and, as was assumed, 
crossing-over is random. This is rather close correspondence with the ob¬ 
served value of 37.1 per cent. The small difference between the two may be 
due to the presence of more double crossing-over than would be expected on 
the basis of chance. This would increase the value of mn in the equation and 
decrease the percentage of new combinations expected. Such an explanation 
seems reasonable in view of the fact that non-random crossing-over appears 
to occur among molds (Lindegren and Lindegren 1937, 1939; Whitehouse 
1942) 

It would be possible to determine decisively whether Zickler’s ratios were 
the result of double crossing-over, were it possible to analyze the genotypes 
and orders of spores from the viridis x rubiginosa cross. Unfortunately, 
Zickler does not present his original data so that this point cannot be finally 
decided. 

Wiilker fortunately does present his original data on Neurospora and so 
it is possible to determine directly the proportion of aseus arrangements 
resulting from double crossing-over. Indeed, recognizing this possible in¬ 
terpretation, he carried out the analysis himself and showed how all the 
arrangements he found could be explained in terms of crossing-over. But 



610 


BULLETIN OP THE TORREY CLUB 


[You 70 


the presence of 28 asci resulting from three-strand crossing-over (fig. 3, C 
and D) compared with 8 asci resulting from two-strand crossing-over (fig. 
3, A) and 8 resulting from four-strand crossing-over (fig. 3, B) seemed 
disproportionate to him. Consequently he made an elaborate estimate of the 
proper ratios of first and second division disjunctions combined with several 
types of crossing-over which would yield the aseus types he observed. It is 
not necessary to discuss these estimates because Wiilker revealed the critical 
point for his hypotheses in these words which are freely translated—‘‘The 
appreciation of all following calculations depends alone upon recognizing 
in the value of 28 asci a deviation from the numbers expected exclusively 
from crossing-over which cannot be explained in other ways. ’’ Accordingly, 
if it is possible to show that 28 asci resulting from three-straml crossing-over 
is not beyond expectation in Wiilker’s results, it is not necessary to accept 
his scheme for second division disjunction. 

In the first place the total number of double crossovers across the kineto- 
ehore (it is impossible to calculate the expected percentage of crossing-over 
in one arm because only one gene was studied in each arm), 24.4 per cent, 
resembles that calculated from the frequency of single crossing-over, 24.8 per 
cent. Moreover, it can be seen from figure 3 that the expected ratio of two-, 
three- and four-strand double crossing-over occurring at random is 1:2:1. 
When a x 2 test, is applied to the fit of the 8 two-strand, the 28 three-strand, 
and the 8 four-strand double crossover asci to the 1:2:1 ratio a P of 0.2 is 
obtained indicating a good fit to the crossing-over hypothesis for such a small 


number of cases, 3 thus: 




Number of strands involved in 




double crossing-over 

O 

3 

4 

Actual number of asci 

8 

28 

8 

Expectation (e) 

11 

22 

11 

Deviation (d) 

3 

(5 

3 

d* 

9 

36 

9 

d 2 

0.82 

1.64 

0.82 

d 2 

2- = X ? = 3.28 

P = 0.2 




We may conclude therefore that in Neurospora the genetic evidence indicates 
first division disjunction of kinetochores and crossing-over. 

In summary, it is certain that Zickler’s data on Bombardia , as presented, 
are not crucial in demonstrating either a .first or a second division disjunc¬ 
tion of homologous kinetochores. The crucial data for establishing first divi¬ 
sion* disjunction—the recognition of double crossing-over—may be in his 
original records but are not presented in his report. Neither has he found 
the data crucial for a demonstration of a second division disjunction— 

sit is interesting to note that Wiilker *s data on Neurospora sitfyriiila provide no 
evidence for the non-random crossing-over found by Lindegren for N. crassa. 
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namely, that all factors irrespective of their location on the chromosome 
show second division segregation in two-thirds of the cases. In short, if single 
and double crossing-over occurs, as seems likely, the data can be explained 
on an orthodox genetic basis. Moreover, besides Wiilker’s demonstration that 
the ascus types lie obtained in Nettrospora can be explained in terms of first 
division disjunction and crossing-over, it is possible to show that even the 
ratios of these types to one another are as w T ould be expected on this basis. 
This is critical evidence on behalf of first division disjunction of kinetochores. 

Thus, there is every reason to believe that, in molds as in other organ¬ 
isms, homologous kinetochores separate in the first ineiotic division (reduc- 
tionally) and each kinetochore divides in the second division (equationally). 

Department of Zoology, Columbia University 
New York 
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THE NUMBER OF CHROMOSOMES IN TWO SPECIES OF 
AMORPHOPHALLUS 

Clyde Chandler 

Plants of the genus A morph ophallus are native of the tropics. The giant 
forms of this genus are quite often grown as curiosities in hot houses in the 
more temperate regions. The size and structure of the inflorescence, the 
flower behavior, the short period of bloom, and the infrequency of bloom on 
these plants in cultivation create interest for both the casual observer and 
the scientist. 

Few cytological observations have been reported for this entire genus of 
approximately 90 species. Stout (1937) reported observations on the pollen, 
the result of germination tests and the relation of the pollen tubes to the style 
for one plant of A. titanum. The writer knows of no report concerning the 
number of chromosomes in any plant of this genus. 

Plants of two sj)ecies of Amorphophallus have flowered in the conserva¬ 
tories of The New York Botanical Garden. A sixty-pound eorm of A. titanum 
which was obtained by Dr. E. D. Merrill (1932) from A. M. Oostingh, Fort 
de Kock, Sumatra, in June, 1932, flowered in June 1937. An accurate de¬ 
scription of the flowering of this eorm was published in the Journal of The 
New York Botanical Garden (August 1937). Hoot lips were collected from 
the eorm when it was removed from its tub three days after flowering. These 
root tips were not actively growing and none had mitotic figures. 

Another smaller eorm of Amorphophallus titanum was collected in 
Sumatra by Mr. B. A. Krukoff and sent to the Garden in 1935 (accession no. 
77023). When the plant which was obtained from this eorm was actively 
growing, root tips were collected and fixed for cytological observations. 
Later when the plant flowered in July 1939 it was identified as A. titanum. 
It was somewhat smaller than the plant which flowered in 1937. 

The root tips were fixed in Flemming's medium fixative, sectioned, and 
stained with Heidenhain’s hematoxylin. Each of the seventeen somatic cells 
in which the entire complement of chromosomes could be counted contained 
26 chromosomes. A study of these showed that there were present 13 pairs 
of homologous chromosomes. It appears then that there were two sets of 13 
chnomosomes each. The members of one of these sets are shown in figure 1. 

As shown, there were distinct differences in the size and shape of the 
chromosomes in each set. The longest chromosomes were about three times 
the length of the smaller ones. Since it was not convenient Jo make smear 
preparations of pollen-mother-cells the exact location of the spindle fiber 
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insertion regions was not determined. It seemed, however, that two of the 
chromosomes had median, four had submedian, and seven had terminal or 
sub-terminal insertion regions. 

Plants of A morph op h ally s bulb if er have been growing in the New York 
Botanical Harden greenhouses since 1902 when several conns were received 
from Edinburgh (accession no. 14468). Cytological studies of the root tips 
of a plant of .1. bulbifer revealed that it had 36 chromosomes in its somatic 
cells. Study of these chromosomes seemed to indicate that each of the two sets 
of homologs was composed of 18 chromosomes which were somewhat morpho¬ 
logically different from one another. One set of 18 chromosomes is shown in 
figure 2. Only three chromosomes here designated B, O, and K, of A. bulbifcr 



AA AAAvH'mitriia 

ABC D E FGHIJ KLMNOPQR 

2 

Elf.'. 1. One sot of oluouioHoinoM in tlio somntie tissuo of .1 nwrpliophalhut ttlanum. 
Fid. Olio sot of oliromosomos in tlio somntio tissuo of Aiuorphophalluft bulbifcr. 

appeared to be closely similar to chromosomes A, D, and Iv of A. tit a man. 
All other chromosomes in a single set differed from one another as well as 
from all other chromosomes of A. tit a man. Five of these chromosomes seemed 
to have median insertion regions, nine had sub-median and four had terminal 
or sub-terminal spindle fiber insertion areas. 

(laiser (1930) lists the number of chromosomes for 57 species of plants of 
the family Araeeae. It is to be noted that Arisavma serration var. Thmibcrgii 
f. Bhnnei is the only species for which the diploid number of 26 chromosomes 
is given. No species is accredited with 36 chromosomes in the somatic tissue. 
However, the 2n number of chromosomes in Anthuraan crassinervivm and 
A. Wallisii is ca. 60 and A. radivans is given as 50. The haploid number of 15 
seems most frequent while 8, 9, 10, 12 and 16 have been observed in various 
species of the Araeeae. 
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In this study it has been determined that for the plants studied the 
diploid number of chromosomes in somatic cells of Amorphophallus titanum 
is 26 and that for A. bulbifer is 36. Assuming that these are all in homologous 
pairs the haploid numbers for these plants are 13 and 18. And it is the giant 
species which has the lower number. These numbers do not indicate a simple 
polyploid relationship for these two species. 

There is, however, a striking resemblance between chromosomes A and B; 
C and D; H, I, J and K; and M and N of a single set from A. bulbifer as 
may be observed in figure 2. 

The New York Botanical Garden 
New York 
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THE GENUS STACHYURUS 

Hui-Lin Li 

In tli is study an attempt is made to summarize our present knowledge of 
the taxonomy of the genus Staehyurus , on the basis of the material available 
in the herbarium of the Arnold Arboretum of Harvard University. So com¬ 
plete is this material that only one recently described Japanese species, 8. 
ovalifoliits Nakai, has not been seen by this writer represented either by a 
type or a classical specimen. The types of the few varieties described in this 
paper are deposited in the herbarium of Arnold Arboretum. 

Staclufums was first described by Kiebold and Zuccarini for S. praecojr , 
a Japanese species, and included in the Pittosporaeeae (Sieb. & Zuoc. FI. 
Jap. 1: 43. 1835). Bentham (Jour. Linn. Soc. 5 : 55. 1861; Benth. & Hook. 
(Jen. 1 : 184. 1862) later transfers it to the Ternstroemiaceae. To both of 
these families the genus is only remotely related, Gilg (in Engl. & Prantl, 
Nat. I*fl. 3 (6) : 192. 1893) more appropriately creates for it the family 
Staehyuraeoae and gives it a detailed treatment. Only two species were 
known at that time, namely, S. praceox Sieb. & Zuee. of Japan and S. 
hiwuhucus Hook. f. & Thomson of the Himalayan region. In the second edi¬ 
tion of the Xaturliehen Ufianzenfamilien (1925), the same treatment is 
reprinted without any additional data. 

The forms treated in this review' are all that are known at present, total¬ 
ing twelve species and four varieties. The leaves are of special use in making 
taxonomic determinations. The shape, size, apex, base, margin, and venation 
of the leaves, as well as the length of the petioles, are used extensively to dis¬ 
tinguish the different species. The length of the inflorescences, pedicels, and 
styles is also useful in identification. The flowering parts, except for minor 
points pertaining to the length of the styles, exhibit little variation. The size 
and shape of the fruit are sometimes essential for species identification. 

Franchet (Jour, de Bot. 12 : 254. 1898) divides the genus into two sec¬ 
tions, ('allo.'turus and (/ ymnosurus. lie characterizes the two sections as fol¬ 
lows: “Sectio 1. Uallosurus.—folia racemos axillentia persistent is; racemi 
pedunculati. Sectio 2. Gynmosurus.—folia racemos axillentia ante anthesim 
decidua ; racemi sessiles . 99 To the first section belong S. ifinuuiunisis Franch.. 
and S. oborutus (Eehder) Li, and to the second section the remaining spe¬ 
cies. The peduncles in the first section are rather short and not always dis¬ 
tinct, but in the second section the inflorescences arc invariably sessile or 
subsessile. 

The inflorescences in both sections are spikes or racemes arising from the 
axils of leaves, usually .produced by one-year-old wood. The differences that 

ou> 
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Franchet emphasizes in his diagnostic summary are best interpreted as fol¬ 
lows : 

Sect. Callosnrus: The spike grows on a normal axillary florescent axis, 
that is, without tending to displace or to suppress the leaf itself, and the leaf 
consequently persists throughout the flower- and fruit-stage. 

Sect. Gymnosurvs: The spike tends to eliminate the leaf, which is cadu¬ 
cous; the result is that the inflorescences and infructeseences are borne with¬ 
out a subtending leaf. 

The basis of this difference, which Franchet fails to notice, is essentially 
physiological, and presumably, to a certain extent, also anatomical. In Cal - 
losurus, the part of the stem that bears the flowers and fruits remain essen¬ 
tially a vegetative axis with lateral inflorescences. In Gymnosurus, on the 
contrary, the same part of the stem tends to become a floriferous axis, in a 
manner suggestive of an apical or intercalary inflorescence. The passage from 
one form of habit to the other is subtle and may, in certain species, be appar¬ 
ent only as a tendency, but it is marked enough to justify the retention of 
Franchet\s sections and characterizations. 

Stachyurus is confined to the temperate regions of eastern Asia, extend¬ 
ing from the eastern Himalayas in the west to the Bonin Islands in the east, 
but not ranging below 20° N. Lat. It is known in northern Burma, Tonkin, 
and Kwangtung proper, but apparently it is lacking in Hainan Island. On 
the Asiatic mainland, the spread of the genus scarcely extends northward to 
35° N. Lat., but it is found in all parts of the Japanese Archipelago as far 
north as Hokkaido. The species are local in their distribution, except S. 
praecojr Sieb. & Zucc., which is widely distributed in Japan proper, N. chi¬ 
ne vs is Franch. and its varieties, which are known in all the Chinese provinces 
where the genus is recorded, and S. himalaicus Hook. f. & Thomson, which 
extends from eastern India through southern China to Formosa. 


Stachyurus Sieb. & Zucc. FI. Jap. 1 : 42. pi 18. 1835; Endl. Gen. PI. 2 : 
1083 (n. 5669). 1840; Benth. & Hook. Gen. 1: 194. 1862; Gilg in Engl. & 
Prantl, Nat. Pfl. 3 (6) : 193. 1893; ed. 2. 21 : 458. 1925; Rehder, Man. Cult. 
Trees & Shrubs 640. 1927; ed. 2. 654. 1940. 

Shrubs or small trees, deciduous or evergreen, glabrous, often with 
straggling branches, the branchlets with large pith, the winterbuds small, 
with 2-4 outer scales; leaves alternate, the petioles slender, the blades mem¬ 
branaceous to coriaceous, serrulate; stipules small, caducous; flowers small, 
regular, perfect or functionally dioecious; sessile to short-pedicellate, in erect 
or pendulous racemes or in spikes axillary on last years branches, with one 
bract at the base of the pedicel and two bracteoles subtending the flower; 
sepals and petals each four, free, imbricate; stamens 8, distinct, the anthers 
versatile; ovary superior, incompletely 4-celled by the intrusion of the 
parietal placentae, the style simple, short, the stigmas capitate, 4-lobed, the 
ovules many; fruit berry-like, with leathery pericarp; seeds many, small, 
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with soft arillus, albuminous, the embryo straight, the cotyledons elliptic, 
the radicles short. 

Type species : Stachyurus praecox Sieb. & Zucc. 

Key to the species and varieties 

A. Leaves at the base of the inflorescence persistent; inflorescences short- 
pedunculate. (Section I. Callosums Francli.) 

B. Leaves ovate to oblong-ovate; inflorescences 3-9 cm. long, with 12-22 
flowers or fruits. 

C. Fruits subsessile or very short pedicellate, the pedicels to 1 mm. 
long L S. yitnnanensis. 

(V. Fruits long-pedicellate, the pedicels 3-5 nun. long, articulate at 
the middle la. 8. yunnanensis var. pcdicellatus. 

BB. Leaves obovate to oblong-obovate; inflorescences about 1.5 cm. long, 
with 3-8 (rarely 10) flowers or fruits 2. 8. obovatus. 

A A. Leaves at the base of the inflorescence early deciduous; inflorescences 
sessile or subsessile. (Section II. Gymnosurus Frnnch.) 

B. Leaves oblong-lanceolate to linear-lanceolate, about 3 times or more 
as long as broad, the marginal teeth very fine, mostly close. 

C. Leaves with longitudinal veins located a little more than half way 
between the midrib and margin, united with the straight or slightly 
curved lateral nerves. 

D. Leaves nnirowlv linear-lanceolate, the base acute, the serra¬ 
tions more or less remote, inconspicuous, incurved and obtuse 3. 8. salicifohvs. 
DI). Leaves oblong lanceolate, the base cordate, the serrations 
fine, very close, more or less straight and pointed, rigid 4. 8. cordat ulus. 

CO. Leaves without longitudinal veins, the lateial nerves ascending 
and prolonged. 

I). Leaf-base acute, the apex acuminate, the marginal teeth sharp- 
pointed; petioles about 2.5 cm. long; inflorescences about 10 cm. 
long 5. S. Imnalairus. 

1)1). Leaf-base cordate, the apex long-acuminate, the marginal 
teeth slightly incurved and obtuse; petioles about 4.5 cm. long; 
inflorescences about 14 cm. long fl. 8. lancifohus. 

BB. Leaves ovate-oblong to orbicular, about 2 times or less as long as 
broad, the marginal teeth coarse, generally more remote. 

C. Leaves ovate-oblong, about 2 times as long as broad (Japanese 
species). 

D. Leaves long-petiolate, the petioles 3-5 cm. long; fruits large, 

1.3-2 cm. long. 

E. Leaves long-acuminate, the base rounded to subcordate, the 

marginal teeth prominent, pointed; inflorescences robust, about 

8-9 cm. long; fruits oblong-obovate, 1.3-5 cm. long 7. S. Mtilsuzahn. 

EE. Leaves acute, the base broadly acute, the marginal teeth 

less prominent, obtuse; inflorescences slender, 4-5 cm. long; 

fruits broadly oblong, 1.8-2 cm. long. 

F. Lateral nerves about fi on each side 8. 8. macrocarpuA. 

FF. Lateral nerves 9-11 on each side. 

8a. 8. macrocarpus var. pi un if oh us. 
1)1). Leaves with petioles about 1.5 2 cm. long; fruits small, 
about 1 cm. long 8. praecox. 

OC. Leaves ovate to orbicular, as long as to less than 2 times as long 
as broad (Chinese species). 

D. Leaves acuminate or cuspidate. 
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E. Leaves ovate, the apex long-acuminate, the base acute to 
rounded .. . . 10, S. chinensis. 

EE. Leaves orbicular, the apex abruptly short-acuminate or 
cuspidate, the base cordate. 

F. Leaves abruptly acuminate, the acumen 5-8 mm. long. 

10a. S. chinensis var. latus. 

FF. Leaves cuspidate-emarginate, the acumen 10-15 mm. 

long 10b. S . chinensis var. euspidatus. 

DD. Leaves eniarginate or bilobed 11. 8. retusus. 

No specimen observed .12. 8. ovalifolius. 

1. Stachyurus yttnnanensis Franch. Jour, de Bot. 12 : 253.1898; Rehder 
in Sarg. PI. Wils. 1 : 288. 1912; Jour. Arnold Arb. 15 : 103. 1934; Chung;, 
Mem. Sci. Soe. China 1: 176. 1924; Hand.-Maz. Symb. Sin. 7: 383. 1931. 
Stachyurus Esquirolii H. Lev]. FI. Kouy-Tcheou 416. 1915. Figure 1. 

A shrub, 1.5-3 m. tall, the branchlets olivaceous, with lenticels; leaves 
coriaceous, persistent, glabrous, greenish and slightly lustrous above, pale 
beneath, ovate-oblong to ovate-lanceolate, 6-12 cm. long, 2-4 cm. wide, the 
apex caudate-acuminate, the base acute, the margins finely and sharply ser¬ 
rulate, the teeth pointed, with callose apices, the lateral nerves 5-7 on each 
side, ascending, inconspicuous to subcon.spicuous above, slightly elevated and 
conspicuous beneath, the tertiary veins inconspicuous on both surfaces; 
petioles 1-2.5 cm. long; inflorescences 6-10 cm. long, erect or pendulous, 
short-pedunculate, the peduncles 0.5-1 cm. long, the flowers yellow, subses- 
sile, the bracts triangular-ovate, acuminate, about 2.5 mm. long, the brac- 
teoles ovate, acute, about 3 mm. long; sepals ovate, about 4.5 mm. long, acute; 
petals obovate, obtuse, 6-7 mm. long, about 4 mm. wide; filaments about 5 
mm. long; ovary and style about 6 mm. long, scarcely exerted, the stigmas 
capitate, distinct; fruit globose, about 6 mm. across, sessile, with persistent 
style. 

China: szechuan: Hung-yah Hsien, E. 11. JVdson 2555; Ping-pieii ITsien, 11. T. 
Tsai 62960; Mt. Omei, W. P. Fang 2634, T. T. Yu 399, 405, Y. 8. Liu 1623, 1668, 4776 , 
C. Y. Chiao $ C. S. Fan 71, 235, K. N. Yin 138. yunnan: Mo-so-yn (Lou Kong), 
1)clavay 822 (syntype, photo, and merotvpe of leaf in AA), April, 1884, 3334 (syntvpe, 
merotype of flowers in AA) ; Champutong, I)er-la, C. W. Wang 66805. kwEichow: 
Than-lo, J. Esquirol 3547 (liolotype of 8. Esquirolii H. Levi., merotype in AA) ; Ail-lung, 
Kow-chang, Y. Tsiang 7418; Kweiyang, Chan Lin Shan, S. W. Teng 90021. 

This species can be distinguished from the other two common Chinese 
species of the genus, S. himalaicus Hook. f. & Thomson and S. chinensis 
Franch., by the fact that the leaves at the base of the racemes are persistent 
rather than early deciduous. The leaves of S. yunnanensis resemble those of 
S. himalaicus , differing, in addition to the character mentioned above, in the 
generally smaller size and coarser and more remote serrations. 

la. Stachyurus yunnanensis Franch. var. pedicellattts Itohder in 
Sarg. PI. Wils. 1: 288. 1912; Chung, Mem. Sci. Soc. China 1: 176. 1924. 
Figure 2. 

Differs from the species in the distinctly pedicellate fruit, the pedicels 
3-5 mm. long, articulate at the middle. 

China: szechuan: Yung-yang Hsien, E. H Wilson 4541 (holetype) July, 1910. 
yunnan*. Loping, Tjitjischan, H. Handel-Mazzelti 27-10188 (immature fruits; identi¬ 
fied by Handel-Mazzetti as 8. yunnanensis Franch.). 
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2. Stachyurus obovatus (Rehder) Li, comb. nov. Stachyurus yunnanen- 
sis Franch. var. obovata Rehder in Jour. Arnold Arb. 11: 165. 1930; Hand.- 
Maz. Symb. Sin. 7: 383.1931. Figure 3. 

A shrub, 1-3 m. tall, the hranehlets olivaceous; leaves subcoriaceous, per¬ 
sistent, short-petiolate, greenish and slightly lustrous above, pale beneath, 
obovate, 5.5-7.5 cm. long, 2-3 cm. wide, the apex long-caudate-acuminate, the 
acumen 1-1.5 cm. long, the base narrowly attenuate, the margins slightly 
serrulate to subentire below, finely and sharply serrulate above, the teeth 
pointed, slightly callose, the lateral nerves about 5-7 on each side, subcon- 
spiouous above, elevated and prominent beneath, the tertiary veins incon¬ 
spicuous on both surfaces; petioles about 0.5 cm. long; inflorescences spicate, 
short-pedunculate, 1-1.5 cm. long, the flowers sessile to subsessile, the bracts 
ovate, long-acuminate, about 1.5 mm. long, the braeteoles ovate, about 2 mm. 
long; sepals ovate, about 2 mm. long; petals ovate, 4-5 mm. long, 2-5 mm. 
wide; filaments about 4 mm. long; ovary and style about 4 mm. long, in¬ 
cluded, the stigmas ovate; fruit globose, about 7 mm. across, pedicellate, the 
pedicels 3-4 mm. long, articulate at the middle. 

China: SZECHUAN: Kuan Hsien, W. P. Fang 2000, 12156 , F. T. Wang 20504, 206IS, 
Y. S. Liu 1856, C. S. Fan 81; Mt. Omei, W. P. Fang 3010, 7833, 6158 , Y. 8. Lxv 1725, 
C . F. Chiao 4* C. S. Fan 412; Ping-slum Hsien, F. T. Wang 22698. 

Professor Rehder states that * 4 this plant looks at the first glance very 
distinct on account of its obovate almost lyrate caudate-acuminate leaves, 
but the leaves of some specimens of 8. yunnanensis before me show a ten¬ 
dency toward an obovate shape and the serration agrees with that of 8. yun- 
7i>anensis. As the flowers are unknown, the specimens bearing young fruits, 
it does not seem wise to describe it as a new species.” With adequate flower¬ 
ing material ( Fang 12156 and Wang 22698 ) and young fruiting material 
(Wang 20504, 20618) on hand, this writer is convinced that the variety 
deserves a specific standing. The leaves are not only distinctly and constantly 
obovate in shape, but they are also generally smaller than those of 8. ynnnan- 
ensis Franch. Moreover, the inflorescences are characteristically very short, 
scarcely exceeding 2 cm. long, and bearing only 3-8, rarely 10, flowers or 
fruits, and the styles are included, while in 8. yunnancnsis fhe inflorescences 
are 3-9 cm. long, bearing 12-22 flowers or fruits, and the styles are exerted. 

3. Staohyurus salicifolius Franch. Jour, de Bot. 12 : 253. 1898; Chung, 
Mem. Sci. Soc. China 1: 176.1924. Figure 4. 

A shrub, 1.5-3 m. tall, the branchlets olivaceous, glabrous; leaves char- 
taceous, glabrous, dark green above, pale beneath, linear-lanceolate, 8-15 
cm. long, 0.7-1.7 cm. wide, the apex caudate-acuminate, the base obtuse, the 
margins inconspicuously serrulate, the teeth obtuse, incurved, the lateral 
nerves about 6-8 on each side, at first obliquely spreading, then abruptly 
ascending into longitudinal veins parallel to the midrib, their tips frequently 
joining the preceding lateral nerves, inconspicuous above, slightly elevated 
and conspicuous beneath, the tertiary veins inconspicuous on both surfaces; 
petioles short, 4-8 mm. long; inflorescences 5-7 cm. long, erect or pendulous, 
subsessile; flowers greenish white, subsessile or short-pedicellate, the bracts 
triangular-ovate, acuminate, about 2 mm. long, the braeteoles ovate, acute, 
about 2.5 mm. long; sepals ovate, about 4 mm. long, acute; petals obovate, 
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about 4 mm. long, 3-5.5 mm. wide, obtuse; filaments 5-6 mm. long; ovary and 
style about 6 mm. long, seareely exerted, the stigmas capitate, distinct;’ fruit 
globose, about 4-6 mm. in diameter, with persistent style, the pedicels about 
2.5 mm. long. 

China: szkc-HI’AN: Mt. Omei, F. If. Wilson 4808. W. P. Fane/ 3730, 3186, 13800, 
T. T . YU 409, 453, Y. S. Liu 1143; Ping-slum Hsicii, V. T. Want/ 33753, 33763 . YUNNAN: 
Tiwhcii-fong slum, li. P. Dclavay s.n. (holotvpc, plioto. and inurotvpc in A A), July, 1894; 
Vi-liang Ilsien, 11. T. Tsai 53118. 

This species is easily distinguished from the others by the long and nar¬ 
row 7 linear-lanceolate leaves w T ith rather short petioles 4-5 mm. long. 

4. Stacjiyprck (H)RDATrr j t s Men*. Brittouia 4: 122. 1941. Figure 5. 

A shrub, subseandent, the branches glabrous; leaves chartaeeous to cori¬ 
aceous, glabrous, olivaceous on both surfaces to slightly paler beneath, oblong 
to oblong-lanceolate, 10-12 cm. long, 2.3-4 cm. wide, the apex subcaudately 
acuminate, the base slightly or distinctly cordate, the margins finely and 
sharply serrulate, the teetli pointed, spreading, about 0.5 mm. long, with 
callose apices, the lateral nerves 7 or 8 on each side, spreading, straight or 
slightly curved, united with longitudinal nerves located a little more than 
half way between the midrib and the leaf margins, subconspicuous above, 
distinct and elevated beneath, the tertiary veins inconspicuous on both sur¬ 
faces; petioles 6-9 mm. long; inflorescences spicate, 4-9 cm. long, subsessile, 
the flowers greenish to slightly rosy, 5-6 nun. long, sessile, the bracts 1.5-2 
mm. long, ovate at base, long-acuminate, the bracteoles ovate, about 2 mm. 
long, subacute to short-acuminate; sepals elliptic, concave, rounded, about 3 
mm. long; petals obovate, rounded, about 5 nun. long and 3.5 mm. wide; 
filaments 1.5-2 mm. long; ovary ovoid, the style about 1 mm. long, the stig¬ 
mas capitate, about 1 mm. in diameter. 

BURMA : ’Nnin T;im;u at the Adung Siengliku continence, :md along the Adung Hirer,. 
K. F. Ward 9176 (pnrat\j»e;, 9191 (holotxpe), Jan. and Fel>., 10JJ. 

This distinct species is near to Staehyunis himalainis Hook. I*. & Thom¬ 
son in the oblong-lanceolate leaves with fine and close serrations, but it is 
easily distinguished from the latter in that its leaves are shorter-petiolate. 
the base more distinctly cordate, the apex longer-acuminate, and the serra¬ 
tions straight, out-pointed, and more rigid. Moreover, the species is charac¬ 
terized by the venation, the straight or slightly curved lateral nerves being 
united directly with the nearly as prominent longitudinal pair, which is 
located a little more than half way between tin* midrib and the leaf-margins. 
A similar characteristic venation is found only in X. salinfolius Fraud)., but 
in that case the longitudinal veins are not always as distinct and sometimes 
are represented by extensions of the lower lateral veins not fully connected 
with the upper lateral ones. In other respects, N. sa/icifolius is readily dis¬ 
tinguished from S. corrialifUis by its very narrow linear-lanceolate leaves 
with acute bases and remote, obscure, and obtuse serrations. 

5. Staciiyukvs niMALAicrs Hook. f. & Thomson ex Benth. Jour. Finn. 
8oe. Bot. 5: 55. 1861 ; Thiselton-Dver in Hook. f. FI. Brit. Ind. 1: 288. 1875; 
Rehder in Sarg. PI. Wjls. 1: 287. 1912; Ilayata, Ic. PI. Formosan. 5: 8. /. 5‘. 
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1915; Kanehira, Formosan Trees 62. /. 1917; Cluing, Mem. Sci. Soc. China 
1: 176. 1924; Ito, Taiwan Shokubutu Dzusetu (Ill. Formosan Pl.) pi. 464. 
1927; Chun, Sunyatsenia 1: 275. 1934; Merr. Brittonia 4: 321. 1941. Stachy - 
urns Siyeyosn Masamune, Trans. Nat. Hist. Soc. Formosa 28: 287. 1938, 
syn. nov. Figure 6. 

A small tree with spreading 1 branches, the branchlets chestnut-brown, 
with'whitish lentieels; leaves chartaceous to coriaceous, glabrous, greenish 
above, pale beneath, oblong to oblong-lanceolate, 8-13 cm. long, 3.5-5.S cm. 
wide, the apex long-caudate-acuminate, the base rounded to subcordate, the 
margins finely serrulate, the teeth minute, pointed, with eallose apices, the 
lateral veins 5-7 on each side, ascending, elevated and prominent on both 
surfaces, the tertiary veins reticulate, subconspicuous on both surfaces; 
petioles 0.5-1.5 cm. long; inflorescences 5-10 cm. long, erect or pendulous, 
sessile, the flowers yellow, sessile, the bracts triangular-ovate, acuminate, 
about 2 mm. long, the bracteoles broadly ovate, acute, about 2 mm. long; 
sepals broadly ovate, obtuse, about 3 mm. long; petals obovate, rounded, 5 
mm. long, 3.5 mm. wide; filaments 4-5 mm. long; ovary and style about 5 
mm. long, scarcely exerted, the stigmas capitate; fruit subglobose, about 7-8 
mm. across, subsessile to short-pedicellate, with short persistent style, the 
pedicels 2-3.5 mm. long, articulate at the middle. 

CHINA: HUNAN: Sinning Hsien, (\ S. Fan 4’- V. Y. Li 608. hupkh: ("hang-yang 
Hsien, F. 11. Wilson 192a; no precise locality, A. Henry $149 A (fragmentary). SZE¬ 
CHUAN: Mt. Omei, Y. S. Liu 4070, C. Y. Chiao 4* C. S. Fan 387; Kuan TTsieu, Chien-chang 
Shan, C. 8. Fan 15. sikang: Ya-an, C. Y. Chiao 1935. yunnan: no precise locality, 
E. E. Mairc 68, G. Forrest 95-23, 9776, 46313, T. T. Yu 14134 , 11. T. Tsai 57366 , 57599; 
Mengtzc, A. Henry 10138, 10138A, 10543; Niou-lou-kiang, E. E. Ufaire 83; between Kehin- 
lnng and Ta Sung Shu, C. Schneider 313; Yunnanfu, C. Schneider 378; Ta Chang, C. 
Schneider 749; Likiang, C. Schneider 3811 , J. F. Hock 10515, G. Forrest 33331, C. IV. 
Wang 70699, K. M. Feng 404 , li. C. Ching 31595; Tengyueh, »/. F. Rock 7994; Chnrnpu* 
tong, Mt. Kcnyiehunpo, J. F. Rock 11535; Pe Yen Tain, Son Pin Chao, S. Ten 354, 361; 
Ma-kwnn Hsien, If. T. Tsai 51851; Sliang-pa Hsien, II. T. Tsai 51738; Lan ping ITsien, 
II. T. Tsai 54047, 56283; Lung-ling Hsien, 11. T. Tsai 56461; Wei-si Hsien, II. T. Tsai 
63019, C. W. Wang 67900; Champutong, C. W. Wang 66709; Kiukiang Valley, T. T. Yu 
19438; Londjrela, T. T. Yu 33447; northern Hank of 11 aba Snow Range, K. M. Feng 
4184; southern Chungtien, K. M. Feng 3087. KWEICHOW: Pan (thing Shan, Steicard , 
Chiao, <jr Cheo 38. kwangsi: Ling-wan Hsien, S. K. Lan 30458, Steward 4‘ Cheo 635; 
Kwei lin Hsien, Ma-wang-shan, W\ T. Tsang 38330 , 38349. kwangtijng: Pan Ling Tsze, 
W. Y. Chun 5880; Yang Shan Tlsien, T. M. Tsiti 744; Loh ehang Hsien, Chong Uen Shan, 
W. T. Tsang 20713, 20674. 

Formosa: No precise locality, J. L. Gressitl 116; Kuanunia, 0. Warburg 10479; 
Arisan, prov. Kagi, E. H. Wilson 9753, 10799; Ilorisha, prov. Nanto, E. II. Wilson 10097; 
Tailieisan, prov. Giran, E. H. Wilson 10175, S. Suzuki s.n., K. Thio 10674; Hankingin, 
A. Henry 35; Hassensan, ft. Kanehira 21190; Sankyo, K. Odashima 17850. 

India; Eastern Himalaya, K. Biswas s.n. 

BURMA: Above Zuklang, F. K. Ward 437; A dung Valley, K. F. Ward 9297. 

- This widely distributed species can be distinguished from 8. chincnsis 
Franch., another species of very wide distribution, by its longer but nar¬ 
rower, oblong or oblong-lanceolate leaves with fine and close serrations, and 
by the smaller flowers with the style scarcely exceeding the petals. Its in¬ 
florescence is also generally much longer. This writer has hot been able to 
distinguish the Formosan 8. 8icgeyosii Masamune by its descriptions from 
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S. himalawus especially from the Formosan plants of the latter species, and 
thus treats the former as a synonym of the latter. 

6. Stactiyurus lancjfolius Koidz. Bot. Mag. Tokyo 32: 135. 1918. 
Stachynrus prawns sensu I to & Matsmn. Tent. FI. Lutcli. 1: 60. 1899, lion 
Sieh & Zucc. Figure 7. 

A shrub, 1.5-2.5 m. tall, the branchlets dark chestnut-brown, glabrous; 
leaves chartaceous, glabrous, lanceolate to ovate-lanceolate, rarely ovate- 
oblong, 12-19 cm. long, 3.5-7.5 cm. wide, the apex long-caudate-aeuminate, 
the base rounded to subcordate, the margins finely serrulate, the teeth 
slightly incurved, obtuse, the lateral veins about 8 on each side, ascending, 
subconspicuous above, elevated and prominent beneath, the tertiary veins 
reticulate, inconspicuous above, subconspicuous beneath; petioles 3-5 cm. 
long; inflorescences 5-10 cm. long, sessile, pendulous, the flowers pale yellow, 
sessile, the bracts triangular-ovate, about 2 mm. long, acuminate, the brac- 
teoles ovate, about 3 mm. long, obtuse; sepals ovate, about 4 mm. long; petals 
obovate to suborbicular, about 6-7 mm. long, 5-6 mm. wide, the apex 
rounded; filaments 3.S-4.5 mm. long; ovary and style about 3 mm. long, the 
stigmas capitate, distinct; fruit ellipsoidal, 9-12 mm. long, short-pedicellate. 

Japan : KmisIiu, K. If. Wilson s .‘1 collections; Liukiu Islands, Yolohtnua Xinsrii/ 
Co 

This species is close to Slack yarns himalaicas Hook. f. & Thomson in the 
oblong- or ovate-lanceolate finely serrulate leaves with rounded to subcordate 
bases, but differs in the longer petioles, slightly larger and more obtuse ser¬ 
rations, longer inflorescences with larger and more densely arranged flowers, 
and the larger fruits. The type is described from Kyushu, Japan, but no 
specimen is cited in the original description. 

7. STAdiYrurs Matsuzakii Nakai, Bot. Mag. Tokyo 34: 146. 1920. Fig¬ 
ure 8. 

A shrub about 5 in. tall, the branchlets stout, chestnut-brown dotted with 
white lenticels; leaves chartaceous, glabrous, greenish above, pale beneath, 
elliptic, 10-14 cm. long, 5-6.5 cm. wide, the apex long-acuminate, the base 
acute to rounded, the margins coarsely and prominently serrulate, the teeth 
large, obtuse, slightly incurved, with cal lose apices, the lateral nerves 5 or 6 
on each side, ascending, subconspicuous above, elevated and prominent be¬ 
neath, the tertiary veins reticulate, inconspicuous above, slightly conspicuous 
beneath; petioles 2.5-5 cm. Jong; inflorescences 4-12 cm. long, sessile, pen¬ 
dulous, the flowers sessile, light yellow, the bracts broadly triangular-ovate, 
about 2.5 cm. long, acuminate, the bracteoles ovate, about 3 mm. long, acute 
to obtuse; sepals ovate, about 3 mm. long, acute; petals 5-7 mm. long; fruits 
obovate-oblong, 13-15 mm. long, with short persistent styles. 

Japan*. Hondo, Simon, Sormjnna 0JJS. 

This species is characterized by its rather robust branches, long-petiohite 
and large leaves, which are coarsely serrulate, and the rather stout inflores¬ 
cences. Two type collections are cited by Nakai, both from prov. Idzu, Hondo, 
the first from Ilaehijo Isnad, T. Nakai <f* N. Matsuzakii s.n ., and another 
from Oshima Island, *Sabnro Oka bo s.n. 



624 


BULLETIN OF THE TOKKEY CLUB 


[VOL. 70 


8* Stauhyurus macrocarpus Koidz. Bot. Mag. Tokyo 32: 134.1918. Fig¬ 
ure 9. 

A shrub, the brauehlets dark chestnut-brown to blackish, glabrous; leaves 
chartaceous, glabrous and greenish above, pale beneath and slightly pubes¬ 
cent along the midrib and lateral nerves, soon glabrous, oblong to oblong* 
lanceolate, rarely ovate-elliptic to ovate-oblong, 7-14 cm. long, 3-5.5 cm. 
wide, the apex acuminate, the base rounded to obtuse, the margins obtusely 
and rather broadly serrulate, the teeth slightly incurved, with eallose 
apices, the lateral nerves about 6 on each side, ascending, subconspieuous 
above, elevated and distinct beneath, the tertiary veins reticulate, incon¬ 
spicuous above, subconspieuous beneath ; petioles 2-5 cm. long; inflorescences 
3.5-4 cm. long, subsessile, the flowers subsessile, rather densely arranged, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the braeteoles 
ovate, obtuse, about 2.5 mm. long; sepals ovate, about 3 mm. long; petals 
obovate, obtuse, about 5 mm. long and 3 mm. wide; filaments about 4 mm. 
long; ovary and style about 4 mm. long, the stigmas capitate, distinct; fruit 
oblong, 18-20 mm. long, 12-16 mm. wide, subsessile. 

Bonin' ismnjjs: No precise loculi tv, Jlidrnuim Otorno ft.w., 2 collections. 

This species is characterized by its oblong to oblong-lanceolate and acumi¬ 
nate leaves w T ith remote and obtuse serrations, rather short inflorescences 
about 3.5-4 cm. long, and large fruits up to 2 cm. long. The type specimen 
is N. Nishhnura 105 from Chiehishima Island, Bonin. 

8a. Stauhyurus mackocariu\s Koidz. var. prunifoltus Tuyama, Bot. 
Mag. Tokyo 53: 7, (as puni if alius). 1939. 

Differs from the species in the thinner leaves with smaller, closer, acute 
serrations, and more numerous lateral nerves, about 9-11 on each side. 

Recorded by T. Tuyama from Bonin Islands (type specimen: Jlahazima 
Island, T. Tuyama s.u .); no specimen seen by this writer. 

9. Stapuyurus pkaecox Sieb. & Zuee. FI. Japon. 43: pi . 18. 1835; Abh. 
Math.-Phys. Cl. Bayer. Akad. Wiss. 4 (2): 152. 1845; Franeh. & Saw Enum. 
FI. Jap. i: 59. 1875; Carriere, Rev. Hort. 1869: 200. /. 19 m 1869; Ronbard, 
Rev. Hurt. 1908: 86. /. 38, 39. 1908; Hook. Bot. Mag. 108: pi. 6631. 1882; 
K. Ito, Fig. & Descr. PI. Koishik. Bot. Card. 2: pi. 33. 1883; Laucbc, Dcutcbe 
Dendrol. ed. 2: 413. /. 163. 1883; Nicholson, Ill. Diet. Card. 3: 483. /. 518. 
1887; Bull. Coll. Agric. Tokyo 2: pi. 7, /. 31. 1895; Card. Chron. Ill. 21: /. 
97. 1897; Shirasawa, Ic. Ess. Forest Jap. 1: pi. 71. 1900; Schneider, Dendrol. 
Winterst. 86. /. 1903; 131. Hand. Laubh. 2: 363. f. 311 ( 1 - 6 , 315. 1909; Dalli- 
inore, Card. Chron. III. 43: 196. f. 83. 1908, 49: 213. 1911; Miyoshi, PI. 
World. Jap. 128: /. 1917; Osborn, Carden 75: 204. /. 1911; Card. Chron. IIT. 
79: 229.1926; Bean, Trees & Shrubs 2: 545. /. 1914; llehder in Bailey, Stand. 
Oyol. Ilort. 6: 3221. /. 3671. 1917; Man. Cult. Trees & Shrubs 640. 1927; ed. 
2, 654. 1940. Ntachyurus japonicus Steud. Nom. ed. 2, 2: 630. 1841, sphalm. 
Figure 10. 

A shrub, 1-4 m. tall, the branches spreading, the brauehlets reddish brown 
or chestnut-brown, lustrous, glabrous; leaves chartaceous, greenish, lustrous 
and glabrous above, pale and slightly pubescent along the midrib and lateral 
nerves beneath, soon glabrous, elliptic-ovate to ovate-lanceolate, 7-15 cm. 
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long, 3.5-6.,5 cm. wide, the apex long-acuminate, the base rounded to sub- 
cordate, the margins serrulate, the teeth slightly spreading, the lateral nerves 
about 5 or 6 on each side, ascending, more or less elevated and prominent 
on both surfaces; petioles 2-5 cm. long; inflorescences 5-9 cm. long, sessile to 
subsessile, erect or pendulous, the flowers yellow, sessile, the bracts broadly 
ovate, acute, about 2 mm. long, the bracteoles broadly ovate, obtuse, about 
2 mm. long; sepals broadly ovate, acute, about 3 mm. long; petals obovate, 
6-7 mm. long, 4-5 mm. wide; filaments 4-5 mm. long; ovary and style 4-5 
mm. long, included, the stigmas capitate, distinct; fruit globose, about 8 mm. 
long, with or without persistent styles, short-pedicellate, the pedicels 1.5-2 
mm. long, articulate at the middle. 

Jap\X: No precise locality, Fan nr 6128, IT. Knenberg 2810a; Hokkaido, prov. 
Osliima, K. Miijabr <£• V. Tolcubnchi s\.n.; TTokkaido, (\ S. Sargent s.n.; Hokkaido, Kak- 
kumi Hot Spring, C. S. Sargent s.n.; Atami to Odawara, C. S. Sargent s.n.; Miyn nosli it a, 
C. S. Sargent s.n.; Hondo, Sliinano prov., K. 11. Wilson s.n.; Hondo, Safaini prov., F. Jl. 
Wilson s.n.; Hondo, Mino prov., K. Shwta 810, So. 7.7, 9681; Kvusliu, Nagasaki, E. II. 
Wilson s.n.; Kyushu, Mt. Kirisliima, E. 11. Wilson s.n.; Nokogiriyama, prov. Awa, K. 
Miyabr s.n.; Chikugo, 71. Magr s.n.; Nikko, N. Mochizuki s.n.; Mt. Amgi, Sci. Coll. Imp. 
Vmv. s.n.; ]yo, K. Sakurai s.n.; between Shojiko and Kofu, V. It. Dorsett & W. J. Morse 
of)!. Kobe, Hokkosan, K. Vno Ud.jd; Tkerigaseki, Aomonken, K. Vno 2997. 

A s|>ecics of common and wide occurrence in Japan, now frequently 
cultivated for its flowers. Siebold and Zuccarini, in their original description 
of the genus and the species, mention that the plant is common in Japan, but 
cite no specimen. 

10. STAOHYrnrs < iiinensis Franch. Jour, de Bot. 12: 254. 1898; Diels, 
Dot. Jalirb. 92: 475. 1900; Beeomte, FI. (Jen. Indo-Chine 1: 353. /. 33, 12-18. 
1910; Kehder in Sarg. PI. Wils. 1: 287. 1912; in Bailey, Stand. Cyd. Hort. 
6: 3221. 1917; Jour. Arnold Arb. 8: 178. 1927; Man. Cult. Trees & Shrubs 
641. 1927; ed. 2, 654. 1940; Bean, Card. Chron. III. 58: 147. f. 47. 1915; 
Carden 79: 182 f. 1915; Bowles, Carden 82: 161. f. 1918; Chung, Mem. Sci. 
Soc. China 1: 176. 1924; Osborn, Card. Citron. III. 79: 229. f. 113. 1926; 
Kirk, Brit. Card. Flora 129. f. 15. 1927; Men*. Lingnan Sci. Jour. 7: 316. 
1931; Hand.-Maz. Symb. Sin. 7: 383. 1931; Canteau, Bev. Ilort. 1932: 95. 
/. 33. 1932. Stachyurus praccox sensu Diels, Bot. Jahrb. 29: 475. 1900, non 
Sieb. & Zuee. Stachyimts Duclousu Pitard ex Chung, Mem. Sci. Soc. China 
1: 176. 1924, nomem nudum, syn. nov. Figure 11. 

A shrub, 3-5 m. tall, the branehlets dull brownish, with scattered whitish 
lenticels, glabrous; leaves chartaceous to membranaceous, greenish and 
glabrous above, pale and glabrous and slightly pubescent along the midrib 
and lateral nerves beneath, soon glabrous, ovate to ovate-oblong, 6-12 cm. 
long, 2.5-7.5 cm. wide, the apex more or less abruptly long-acuminate, the 
base rounded to subeordate, the margins eremite-serrulate, the lateral nerves 
5 or 6 on each side, elevated and conspicuous on both surfaces, the tertiary 
veins reticulate, subconspicuous to conspicuous on both surfaces; petioles 
1-2 cm. long; inflorescences 6-13 cm. long, sessile, the flowers yellow, sub- 
sessile or short-pedicellate, the bracts triangular-ovate, acuminate, about 
2.5 mm. long, the bracteoles ovate, acute, about 3 mm. long; sepals ovate, 
obtuse, about 3.5 milk long; ovary and style 6-7 mm. long, exerting the 
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petals, the stigmas capitate, distinct; fruit globose, about 6 mm. in diameter, 
with or without persistent styles, short-pedicellate, the pedicels about 1.5 
mm. long. 

China: hunan: Hsinhwa, Hsikwanshan, 77. Handel-Mazzctli 583—11763; Yi-chang 
Hsien, Ping Ton Shan, W. T. Tsang 23528, htjpeh: no precise locality, A. Henry s.n .; 
Ichang, E. 77. Wilson 89 , 125; Chang-yang Hsien, E, H, Wilson 192; Hsing-shan Hsien, 

E . 77. Wilson 2556; Gian Gia-kou, W. F. Chun 3585; Tan Shu Ya, W. Y. Chun 4408; 
Siu Jeh-su, W. Y. Chun 4415; Patung Hsien, 77. C. Chow 63. szechuan: No precise 
locality, A. Henry 5744; Ohung-hsien, W. P. Fang 506; Nanehuan Hsien, C. Bocic ft A. 
East horn 2000, W. P. Fang 1064; Kuan Hsien, W. P. Fang 2211, 8. 8. Chicn 5117, F. T. 
Wang 20496 , 20583; Lishui Hsien, W. P. Fang 20; Opien Ilsien, W. P. Fang 7238, Y. S. 
Liu 1999; Mt. Omei, W. P. Fang 2392 , 2466, 2589, 3042 , 3207, F. T. Wang 23219a, Y. S. 
Liu 1207 , T. T. Yu 386, 448, 8. 8. Chicn 5543; Hung-ya Hsien, W. P. Fang 7977, 8117, 
8518, 8636; Ma-pien Hsien, TV. P. Fang 4607; Chenk-kou Hsien, W- P- Fang , 10049; 
Han-yuan, W. C. Cheng 649, 669; Mao Hsien, F. T. Wang 21943; Kwang-yun Hsien, 

F. T. Wang 22638; Ping-shan Hsien, F. T. Wang 22703; Ma-pien Hsien, F. T. Wang 
22857; Lololand, between Alami and Ssuqueh, C. Schneider 927; between Oti and Quen¬ 
tin, C. Schneider 1389. sikang: Dzer-nar, Tsa-wa-rung, C. W. Wang 66318, 66356, 
66389 , 66392; Kanting, near Wu Ya Ling, C. Y. Chiao 1741. YUNNAN: No precise local¬ 
ity, G. Forrest 10143 , 10245, H. T. Tsai 57320, T. T. YU 10259; Longki and Tchau-fong- 
shan, E. P. Delavay s.n. (holotvpc, photo, and merotype in AA) ; Suen-oui, E. E. Mairc 
79; Cai-pou, E. E. Maire 146; Likiang, C . Schneider 2930, 3498, J. F. 1lock 4059, 8059, 8541; 
Chao-tung Hsien, H. T. Tsai 50899; Cheng-hsiung Hsien, 77. T. Tsai 53305; Ping-pien 
Hsien, H. T. Tsai 62297, 62613; Shang-pa Hsien, If. T. Tsai 51805, 59103, 56542; 
Chi-tze-lo, H. T. Tsai 54189 , 58558; Wei-si Hsien, C. W. Wang 63031, 63589, 63694, 
64055, 68084; Champutong, C. W. Wang 66682; Atungtze, Mt. Kakerpu, T. T. Yu 
10322; Shunning, HiJa, T. T. YU 16474; southern Cliungtien, Anangu, K. M. Feng 1011. 
kweichow: Tsungyi Hsien, Steward, Chiao, 3' Cheo 32; Kweiyang, S. W. Tcng 90041 . 
kwangsi: Northern Luelien, Chufeng-shan, E. C. Citing 5782; northern IIin Yen, Yeo 
Mar Shan, E. C. Ching 7154; Chucn Yuen, Z. S. Chung 82022. kwangtung: Lohclmng 
Hsien, F. Tsiang 1373, 1399; Yu-yuen, S. P. Ko 9192, 52562. FUKIEN: No precise local¬ 
ity, Hongh. Herb. 2403; Pu-cheng, E. C. Ching 2503. (Also recorded from Shensi, 
Anhwei, Chekiang, and Kiangsi (Rehdcr l.e., Merrill, l.c.). 

Indo-china: Tonkin, Chapa, A. Petelot 5690. 

This species of very wide distribution is close to the common Japanese 
species 8. praecox Sieb. & Zucc., but may be distinguished by the broader 
and more abruptly acuminate, leaves, the relatively longer petioles, the 
shorter pedicels in the fruit, and the smaller fruit. The leaves of S. praecox 
are more oblong and longer acuminate. 

A photograph taken by Professor Rebeler from the type specimen of 
Stachyurus Dvcloxii C. J. Pitard in the Paris Museum (Yunnan: Hay tien, 
Fr. Dvcloux 2367, March, 1904), which apparently has never been published, 
together with fragments.of leaves and inflorescences, are found in the her¬ 
barium of the Arnold Arboretum. The name is listed in Chung’s Catalogue 
of Trees and Shrubs of China (l.c.), probably being based on this particular 
photograph. The specimen is a flowering plant with juvenile leaves. It appar¬ 
ently represents 8. chinensis Franch. 

Stachyurus chin crisis is quite variable in the size, shape, and serration of 
the leaves. These variations, however, although manifest in some cases, are 
gradual and inconstant. The species as a whole is generally easily recogniz¬ 
able and distinguishable from other species. The following varieties are rec¬ 
ognized. 
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10a. Staciiyijrus chinensis Franch. var. latus Li, var. nov. Figure 12. 

A typo speeiei differt foliis plerumque latioribus, tenuiorbius, 6-7.5 cm. 
longis, 5-6.5 cm. latis, suborbicularibus vel ovatis, basi distincte cordatis, 
margine crasse serrulatis, apice abrupte aeuminatis, acumine 5-8 mm. longo. 

China: aniiwei: Chiubwuslian, S. C. Sun, 1216. iionan: Sunghsicn, San Kuan 
Miao, J . Hers 1305 (type), Sept., 1919. hupeh: Feng ITsien, E. H. Wilson 292; Wan 
Tsao Shan, W. Y. Chun 3901, 3956; Ilsin Tien Tsze, W. Y. Chun 4039, 4011; Iluan Tsao, 
W. Y. Chun 1138. szechuan: Nanehuan Tfsien, C. Y. Hwang 99, W. P. Fang 830, 920, 
1024, 1402, 5328; Cheng-kou Hsien, W. P. Fang 10309 . 


This variety is found in the provinces along the Yangtze Valley and 
north of it. The typical form of the species is found mainly in the southern 
provinces. The Iionan and Anhwei specimens of this variety are clearly dif¬ 
ferent from the typical form, while plants from western Hupeh and Sze¬ 
chuan, where the typical form is also located, are in some instances without 
very sharp distinction. The typical form, occurring in the south, is nearer 
to 8. himalaicus Hook. f. & Thomson both geographically and structurally 
in the shape and serrations of the leaves than this variety. 

It could be mentioned in this connection that specialization in the shape 
and serrations of the leaves in the genus is clearly traceable, as illustrated 
by the figures, from 8. himalaicns, with oblong-ovate, acuminate, finely ser¬ 
rulate leaves, to 8. chincnsis , then to 8. chincnsis var. latus and 8. chincnsis 
var. cuspidatus, finally to 8. rctusus , with orbicular, emarginate, cordate 
leaves with much coarser serrations. 

10b. StackY mrs ciiinensis var. cuspidatus Li, var. nov. Figure 13. 

A typo speeiei differt foliis suborbicularibus, 6.5-7.5 cm. longis, 5.5-6.5 
cm. latis, basi rotundatis vel cordatis, apice latis, cuspidato-emarginatis, 
acumine lineari, 1-1.5 cm. longo, 0.3-0.5 cm. lato, interdum nullo. 

China: szechitan: West of Won-ehunn Ilmen, W. P. Fang 20945 (type), May 21, 
3931. 


11. Stackyckck retcscs Yang, Contr. Biol. Lab. Sci. China 12: 105. 
pi. 6 . 1939. Figure 14. 

A shrub, about 3 m. tall, the branchlets dark olivaceous, covered sparsely 
with white lenticels; leaves clmrtaceous, green, lustrous, and glabrous above, 
pale, white, tomentose to glabrous beneath, orbicular-oblong, 4.5-8 cm. long, 
4-8 cm. wide, the apex retuse, rarely truncate or bilobed, the base cordate, 
the margins serrulate, the teeth obtuse, slightly incurved, the lateral nerves 
5 or 6 on each side, ascending, elevated and prominent on both surfaces, the 
tertiary veins reticulate, conspicuous on both surfaces; petioles 1.5-2.3 cm. 
long; inflorescences (immature) to 4 cm. long, pendulous, subsessile, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the bracteotes 
2, the flower buds sessile, the style very short, the stigmas globose, 4-lobed. 

China: szeciiuvn: Mt. Omei, F. T. Wang 24248. 

This species is characterized by its suborbicular leaves, which are emargi¬ 
nate or bilobed at the apex and cordate at the base. Yang, basing on (\ IF. 
Yao 3365 from Mt. Omei, Szechuan, describes the lower surface of the leaves 
as being densely covered with white hairs, which are not observed in the 
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above cited specimen, but which may be present on younger specimens and 
falling off in age as in some other species of the genus. The specimen cited, 
collected from the type locality, bears also immature racemes like the type 
and therefore no additional data could be added. The leaves are more or less 
chartaceous, in size and serration closely resembling those of 8. chinensis; 
the general shape resembles especially that of var. latus. Apparently the leaf 
represents further specialization resulting in the disappearance of the 
acumen of var. cuspidatvs. Occasionally an emarginate leaf like that of this 
species can also be found on a few specimens of S. chinensis . More material, 
particularly mature flowering and fruiting specimens, is needed for study 
in order to decide whether it is best to treat this as a variety of 8. chinensis 
or to retain it as specifically distinct, from the latter. 

12. Ktachyurtts ovalifolius Nakai, Jour. Jap. Bot. 15: 534. 1939. 

A shrub, 3-6 m. tall, the branches pale brownish to red-brownish; leaves 
ovate to broadly ovate to cordate-ovate, green and glabrous above, pale and 
sparsely pilose along the nerves or glabrous beneath, 7-12 cm. long, 5-7 cm. 
wide, the apex cuspidate, the base rounded or cordate to truncate, the mar¬ 
gins coarsely mucronate-serrulate; petioles 1-5 cm. long; inflorescences 
racemose, dioecious, the male 7-12 cm. long, the female 3-7 cm. long, gla¬ 
brous, the bracts deciduous; sepals and petals 4, distinctly imbricate; 
stamens 8, in 2 series, in male flowers 6-7 mm. long, in female flowers 3 mm. 
long, the anthers ovate-rounded; ovary ovate, the base pilose, the style 2-2.5 
mm. long, the stigmas capitate; fruits about 15 mm. long, oblong to oblong- 
pyriform, with persistent style. 

This species is described by Nakai from Hondo, Japan, and based on 
seven collections (Prow Sagami, Enosima, T. Nakai s.n ., 2 coll., Yasu-iti 
Momiyama s.n., 2 coll., Havakawa, Kiyotaka Ilisanii s.n.; Prov. Tzu, Osima, 
T. Nakai s.n.; between Yawatano and Naramoto, T. Nakai s.n.). No specimen 
has been seen by the writer. Nakai mentions: “affinis 8. pro wax et 8. Matsu- 
zakii , sed a priori foliis saepe cordato-ovatis grossius serratis, floribus viri- 
dulis vel viridi-flavascentibus majoribus, fruetibus oblongis vel pvriformi- 
bus; et a posteriori caule frutieoso, foliis brevibus cordato-ovatis distinctus 
est.” Again at the end of the description he notes that “this is a coastal 
plant, easily distinguishable from 8. praecox by its more vigorous growth, 
more reddish branchlets, larger shining leaves, longer spikes, and larger 
paler flowers.” From Nakai*s original description, the species appears to be 
particularly close to 8. Matsuzakii Nakai. As no specimen is available for 
study, this species is not incorporated in the key. 

Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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THE SEPARATION OF ERIGERON FROM CONYZA 

Arthur Cronquist 

The preparation of a revision of the North American species of Eriyeron, 
in which 1 am currently engaged, necessitates a careful delimitation of the 
genus. As is well known, it passes on the one hand into Aster and on the 
other into Conyza. In distinguishing it from Aster, I have found necessary 
only minor changes, involving individual species. Its present separation 
from Conyza is much less satisfactory, however, and merits detailed con¬ 
sideration. 

The genus Conyza , as now commonly treated, differs from Eriyeron in 
having no ligules at all on the numerous multiseriate pistillate flowers. This 
despite the fact that Bentham and Hooker 1 admit that Conyza may some¬ 
times have narrow ligules shorter than the styles, and indicate that C. 
absinthiaefolia IX 1 . sometimes has short ligules and sometimes Jacks them. 
Bentham,- in a classic paper on Cornpositae , says: “To distinguish, however, 
( 1 ony:a and Eriyeron from Aster , we have but little besides the increase in 
number and reduction in size of the female florets, which in Eriyeron , 
although they have still the corollas produced into a ligula, have that ligula 
always very narrow, and often short; whilst in Conyza these corollas are still 
further reduced to a filiform tube, shorter than the style, toothed or truncate 
at the top, the ligula remaining undeveloped.” A few pages farther on lie 
says of the female florets of Conyza , “rarely producing a small scarcely 
spreading ligula.” 

The genus Eriyeron usually has numerous central hermaphroditic flowers, 
and from few to numerous pistillate flowers with well-developed ligules. In 
some species the ligules are short or oven absent, but the heads seem other- 
wist* unaltered. The tubular pistillate corollas merely lack ligules. Several 
ordinarily ligulate species have eligulate forms of this type. 

In the section Trimorphaea (included in Eneny< ron by Bentham), the 
most common species of which is E. arris L., the corollas of the outer pistil¬ 
late flowers are very slender and bear short filiform ligules which sometimes 
do not exceed the pappus. Bsually there is an inner series of pistillate flowers 
with no ligules at all. Here we have an obvious approach toward the Conyza 
type, there being needed to complete the transition merely the disappear¬ 
ance of the already filiform and short ligules, and some decrease in the 
number of central hermaphroditic flowers. Trimorphaea is inextricably 
bound to Eriyeron , however, by the obvious evolutionary line of E . simplex 
Greene, E. uniflonts L. (sens, lot .), and E. alpinus L., in which E. simplex 


i Uen. Plant. 2(1 ): 283. 1873. 
-'.lour. Linn. Hoc. 13: *335-577. 1873. 
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is true Erigcron, E. alpinus is Trimorphaea , and E. 'uniforms is somewhat 
intermediate. 

The next, step in the progression toward Conyza is furnished by the sec¬ 
tion Coenotus, the most common species of which is E. canadensis L. The 
generic names Lcptilon Raf. and Conyzclla Rupr. have sometimes been used 
for this group by those who were unwilling to include it in Erigcron but not 
bold enough to transfer it to Conyza. Coe notvs differs from Trimorphaea 
in having the central hermaphroditic flowers usually fewer, the pistillate 
flowers comparatively more numerous, and the ligules reduced so that to 
casual inspection the heads appear discoid. In the words of Asa Gray, 3 the 
narrow ligule is “always shorter than its tube, often shorter than the style 
branches, or even obsolete.” Be it noted again that Bentham and Hooker 
allowed the presence of ligules shorter than the style branches in Conyza. 

The differences between Coenotus and Trimorphaea are not great, but the 
species of the two groups do not seem intimately related. E. canadensis , the 
most nearly bridging species of the section, is scarcely confusable ith any 
species of Trimorphaea. Although it is reported to produce a sterile hybrid 
with E. acris , 4 no one familiar with the two species would consider them very 
closely related. 

From Coenotus to true Conyza, with no ligules at all, is an easy step, as 
Gray 3 further indicates by the statement, 44 with the aspect of Conyza , and 
passing into that genus.” 

Superficially, it seems reasonable to include in Erigcron all the species 
which have any ligule at all, and restrict Conyza to the entirely elignlate 
species. This has been the general practice, despite the fact that Bentham 
and Hooker admitted to Conyza some species with tiny ligules. Fnfortu¬ 
nately, the resulting generic segregation is highly artificial. Species which 
are obviously related to true Conyza species, and which have every external 
appearance of Conyza , are found to have tiny ligules, and are thus placed in 
Erigcron. We have Erigcron microglossus Blake, 5 the desmber of which 
said, “The species, although of Conyzoid appearance, is technically a true 
Erigcron in the presence of a definite although minute ligule." Tin* ligule 
is described as being 0.3 mm. Jong! We have Conyza mirna Blake, 5 of which 
Blake said, “The species is named from its great resemblance to Erigcron 
subspicatus Benth., a resemblance so close that except in technical characters 
of the head the two species can scarcely be distinguished.” We have the 
paired species Erigcron gnaphalioidcs HBK. and Conyza gnaphalioidcs 
HBK., much confused in herbaria and distinguished chiefly by the fact that 
the former has tiny ligules. Conyza Coulteri Gray is similarly confused with 
E. Schicdcanus Less., for which Gray himself at first mistook it. 

s Syn. FI. N. Am. 1(2) : 220. 3884. 

4 Vierhappor, F. Monographic dor Alpincn Erigcron —Artcn Furopns nml Vor- 
derasiens. Beih. Bot. Centralbl. 19(2): 385-560. 1906. 

3 Conti*. Gray Herb. Tl. 3(52): 16-59. 3917. 
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Descriptions of new tro]>ical species, of Conyzoid aspect, but referred to 
Erigeron because they possess minute ligules, continue to appear intermit¬ 
tently in scientific journals. Long-accepted species of Conyza (e.g., Conyza 
notobellidnistruni Griseb.) are transferred to Erigeron because the outer 
florets are found to possess minute ligules. The Gray Herbarium Card Index 
lists an even dozen South and Central American species of Conyza that have 
been transferred to Erigeron. No doubt a thorough inspection of the genus 
would reveal that other plants still reposing peacefully as species of Conyza 
possess more or less definite ligules. Furthermore, it seems not unlikely that 
field study of species now known chiefly from herbarium sheets would show 
some of them to be not entirely constant in the matter of ligules, placing 
them in company with C. absinthiaefolia. 

If our taxonomic system is to be merely a series of convenient pigeonholes 
whereby plants may be catalogued, we may well distinguish Erigeron from 
Conyza by the presence of a ligule, even if it be microscopic. We should then 
dismember the species which may or may not have ligules, placing the ligu- 
late individuals in one genus, and the eligulate individuals in the other. If, 
however, we hope to arrive at a natural arrangement, we must seek farther 
for our distinction. 

In surveying the numerous species which Jink true Erigeron to true 
Conyza , we find that in only one place is there any suggestion of a real break. 
That is between Trnnorphaea and Coenotus. Here at least we are not reduced 
to separating into different genera species which are almost indistinguisha¬ 
ble. I therefore propose that the section ('oenotus be transferred in toto to 
Conyza, and expanded to include all the species of the genus which ordi¬ 
narily possess ligules. 

Conyza and Erigeron are redefined as follows: 

Conyza: Central hermaphrodite flowers few; pistillate flowers numerous, 
with filiform corollas; ligules, if present, inconspicuous, shorter than the 
tubes and scarcely if at all exceeding the pappus. 

Erigeron: (Vntral hermaphrodite flowers many, or sometimes rather few; 
pistillate flowers few to numerous, sometimes with filiform corollas, but then 
the outer at. least with definite ligules equalling or surpassing the pappus. 

Even as redefined, the two genera are not sharply distinct, as will be 
noted from the foregoing characterizations. In America, little or no trouble 
will be encountered in placing any particular species in the proper genys. 
In the old world it may sometimes be more difficult, for it is there that the 
section Trimorphaca reaches its greatest development. I believe that the most 
satisfactory procedure, in any doubtful case, will be to refer the species in 
question to the genus to wdiich its nearest relatives belong. In some cases this 
may necessitate considerable study, but the result will be a more nearly 
natural delimitation of the genera involved. Precisely the same type of situ¬ 
ation exists in distinguishing Erigeron from Aster. It has already in some 
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cases been met in the fashion here proposed, by referring the species to the 
genus to which its nearest relatives belong. Erigeron peregrines (Pursh) 
Greene, for example, is correctly treated by almost all modern American 
botanists as being an Erigeron rather than an Aster, because it is closely 
related to undoubted species of Erigeron , although on the basis of technical 
characters it might better be placed in Aster. 

Some minor points which may have some bearing may be mentioned. The 
genus Conyza is largely tropical, and according to Bentham (2), “ranges 
over the warmer regions of Asia, Africa, and America.” Further, Bentham 
says, €i Euerigeron . . . belongs to the northern hemisphere, and is chiefly 
mountainous. . . . Coe not us, the section which passes into Conyza, is now 
pretty nearly cosmopolitan, and like Conyza , overruns tropical as well as 
temperate regions, the preponderance of local species being African as well 
as American. . . . The well known E. canadensis ... is almost intermedi¬ 
ate between Coe not us and Euerigeron .” Thus we see that in distribution 
Coenotus is more nearly like true Conyza than like true Erigeron. The weedy 
habit of E. canadensis is quite in keeping with that of some species of true 
Conyza. Furthermore, the species ( E . canadensis) which is most nearly 
intermediate between Coenotus and true Erigeron is certainly of Conyzoid 
aspect, and does not seem closely related to any species of undoubted 
Erigeron. 

I shall publish formal transfers for only a few American species. The 
rest I leave to others who may be more conversant than I with the individual 
species concerned. 

Conyza araneosa (Urb.) Cronquist, comb. nov. E. arancosus l T rb. Svmb. 
Antill. 3: 404. 1902. 

Conyza bonariensis (L.) Cronquist, comb. nov. E. bonariensis L. Sp. PI. 2: 
863. 1753. 

Conyza canadensis (L.) Cronquist, comb. nov. E. canadensis L. Sp. PI. 2: 
863. 1753. 

Conyza confusa Cronquist, nom. nov. E. gnaphalioides HBK. Nov. Gen. 4: 

88. pi. 331. 1820. Not Conyza gnayhalioides HBK. 

Conyza eriophylla (Gray) Cronquist, comb. nov. E. eriophyllus Grav, PI. 
Wright. 2: 77. 1853. 

Conyza microglossa (Blake) Cronquist, comb. nov. E. microglossus Blake 
Contr. Gray Herb. II. 3(52): 31. 1917. 

Conyza parva Cronquist, nom. nov. E. pusillus Nutt. Gen. 2: 148. 1818. Not 
Conyza pus ilia HBK. 

Conyza ramosissima Cronquist, nom. nov. E. divaricatus Michx. Flor. Bor.- 
Am. 2: 123. 1803. Not Conyza divarienta Spreng. 

Conyza Schiedeana (Less.) Cronquist, comb. nov. E. Schiedeanus Less. 
Linn. 5: 145. 1830. 

Conyza subspathulata Cronquist, nom. nov. E. spathulatus Vahl. in West, 
Bidrag Ste. Croix. 303. 1793. Not Conyza spathulata Hornem. 
Department of Botany, University of Minnesota 
Minneapolis, Minnesota 
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SUPPLEMENTARY NOTES ON THE AMERICAN SPECIES OF 

ERYTHRINA—II 

P>. A. Krukoff 

Through the courtesy of the curators of the botanical institutions men¬ 
tioned below I was privileged recently to study their collections of Erythrina. 
Many of these collections are not represented by duplicates in American 
and European herbaria. Extensive collections of Erythrina by Drs. Paul 0. 
Standley and Julian A. Stevermark recently made in connection with their 
work on the flora of Guatemala also became available to me. 

Dr. Karl Folkers, Mr. J. Shavel, Jr., and Mr. F..Koniuszy of the Merck 
Research Laboratory have continued their studies of the alkaloids derived 
from seeds of various species of Erythrina (1, 2, 3) whereas Dr. E. S. Harrar 
of Duke University has recently undertaken a study of the wood anatomy 
of species of this genus. In connection with these studies a number of speci¬ 
mens have been received for identification. 

The collections examined extend our knowledge of certain species pre¬ 
viously known from incomplete material, and extensions of ranges are noted 
for a number of species. No changes in the nomenclature are necessitated. 

The species are arranged in the same order, and the place of deposit of 
specimens is shown by the same abbreviations as used in my previous papers 
on Erythrina (4, 5). The following new abbreviations are used : 

Geor: Georgetown Botanic Garden, British Guiana. 

Trin: Trinidad Botanical Garden, Port of Spain. 

OR: Museo Naeional de Costa Rica, San Jose. 

Ouz: Universidad del Cuzco, Peru. 

L Erythrina glauca Willd. 

Trinidad : cultivated: Bat. Gard. Trin. 8353 (Trin). Costa Rica: Punta- 
renas: Brenes 3855 (CR). Panama: Canal Zone: White cl* White 62 (M). 
Panama: Alien 1628 (GH, M). Colombia: Valle del Cauca: Kamos Nunez 
s.n. (Kr. Herb. 15191). Iluila: Plata Garcia 15 (Col). Venezuela : Cara- 
bobo.Z. Williams 12336 (F). Apure: L. Williams 12961 (F, NY). Federal 
District: Tamayo 1281 (F, NY) ; Brother Elias 138 (A). Bolivar: L. Wil¬ 
liams 12560 (F, NY,A). Ecuador: Guavas: Millc s.n. (Kr. Herb. 15350). 
Peru: Loreto: Fernandez s.n. (Kr. Herb. 15255). British Guiana: Deine- 
rara : Jenma ?i 3916 (Geor). 

Local names: Porotillo (Ecuador) ; Pisamo (Colombia). 

The Brenes 7 specimen is the first record of the species from the province 
of Puntarenas, the Williams’ specimen—from the State of Apure. The col¬ 
lector states on the label (Tamayo 1284) : “Las flores son eomidas por los 
pajaros llamados ‘arrendajos\ Habiendo leido no se si en la relacion del 
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gobernador Pimentel (15.. ) que los Indios del valle de Caracas comian la 
fior del bueare.” 

2. Erythrina crista-galli L. 

Trinidad*, cultivated: Bot. Gard. Trin. 12729 (Trin). Costa Rica: San 
Jose: cultivated: J. Valerio 1398 (CR). Argentina: Santini s.n. (Kr. Herb. 
152H3). Tucuman : Meyer s.n. (Kr. Herb. 13098). 

3. Erythrina falgata Benth. 

Peru: Cuzco: C. Vargas C. 2943 (Cuz). Brazil: Minas Geraes: Mello 
Barreto 1999 (P). Argentina,: Buenos Aires: cultivated: Thays s.n. (Kr. 
Herb. 15396) . Salta: Meyer 35390. 

4. Erythrina Poeppigiana (Walp.) 0. P. Cook. 

Trinidad: cultivated: Bot. Gard. Trin . 1332 (Trin), 7574 (Trin), 11947 
(Trin), 13325 (Trin). Nicaragua: Managua: cultivated: Gamier s.n. Costa 
Rica: Cartago: cultivated: Jorge Leon 769 (CR). Colombia: Valle del 
Cauca: Ramos Nunez s.n. (Kr. Herb. 15192). Boyaea: Cuatrecasas 9676 
(US). Putumayo: Cuatrecasas 11372 (US). Venezuela: Carabobo: L. Wil¬ 
liams 12332 (in part, P). Federal District: Tamayo 1285 (F), 1309 (NY, 
US). 

The Cuatrecasas ’ specimens are the first record of the species from 
Boyaea and Putumayo. 

6. Erythrina Dominguezii Hassler. 

Argentina: Jujuy: Fawcett s.n. (Kr. Herb. 15394). Chaco: A. Schulz 
s.n. (Kr. Herb. 15126), s.n. (Kr. Herb. 15378). 

The Fawcett specimen is the first record of the species from the province 
of Jujuy. 

7. Erythrina verna Veil. 

Brazil: Maranhao: Frocs 11909. Bahia: Frocs 12661. 

This is the first record of the species from the States of Maranhao and 
Bahia. 

9. Erythrina speciosa Andr. 

Brazil: Rio de Janeiro: Tatto 23 (US). 

12. Erythrina edulis Triana. 

Colombia: Antioquia: Robledo s.n. (Kr. Herb. 15158). Caldas: Ramos 
Nunez s.n. (Kr. Herb. 15190). Peru: Cajamarca: Stork & Horton 10150 
(F). Huanuco: Stork & Horton 9851 (F). Apurimac: Stork tf* Horton 10705 
(F). 

Local names: Poroton (Ecuador); Rajurro (Peru). 

* This is the first record of the species from the Department of Cajamarca. 

13. Erythrina breviflora DC. 

Mexico: Michoacan: Martinez s.n. (Kr. Herb. 15346 ); Leavenworth 1914 
(M). Morelos: Martinez s.n. (Kr. Herb. 15379). 



1943] 


KRUKOFF: ERYTHRINA 


635 


14. Erythrina leptoriiiza DC. 

Mexico : Mexico : Hinton 15102. 

16. Erythrina Montana Rose & Standi. 

Mexico: Sinaloa: Gentry 6259 (GH, NY). 

This is the first record of the species from the State of Sinaloa. 

18. Erythrina pallida Britton & Rose. 

Trinidad: Hot. GarcL Trin. 2821 (Trin), 10557 (Trin), 10896 (Trin), 
11186 (Trin), 13221 (Trin), 13330 (Trin), 13332 (Trin); Britton 2656 
(type coll., Trin); Britton & Hazen 230 (Trin); Dean s.n. (Kr . Herb. 
15183). 

19. Erythrina mitis Jacq. 

Venezuela : Carabobo: L. Williams 12171 (US). 

23. Erythrina amazonioa Krukoff. 

Colombia: Putumayo: Cuatrecasas 10647 (US), 11212 (US). 

This is the first record of the species from Colombia. 

25a. Erythrina Corallodkndrum var. bicolor Krukoff. 

St. Lucia : Ward s.n. (Kr. Herb. 15202). 

26. Erythrina cubensis C. Wrijrht. 

Cuba: Pinar del Rio: Acuna s.n. (Kr. Herb. 15361). 

27. Erythrina herbacea L. 

U. S.: Texas: Parks s.n. (Kr. Herb. 15257), s.n. (Kr. Herb. 15258) } s.n. 
(Kr. Herb. 15299), s.n. (Kr Herb. 15578). Florida: Wihnot s.n. (Kr. Herb. 
15790); Kdlip 32871 (A). Mexico: Tamaulipas: Cottani 10561 (Herb. 
Vmr. Utah). Oaxaca: Me.na 9302 (F, M). 

28. Erythrina coralloides DC. 

Mexico: San Luiz Potosi: Edwards 682 (M). Hidalgo: ( 1 ottam 10191 
(Herb. Vine. Utah). 

29. Erythrina elabelliformis Kearney. 

Mexico: Sonora: Wiggins 7351 (A); S. White 3126 (GH). 

30. Erythrina lanata Rose. 

Mexico: Michoacan: Lea r( n worth cf* Hooystraal 1399 (M). 

32. Erythrina Berteroana Urban. 

Guatemala: Quezaltenanjro : Steyermark 33665 (F). Retallmleu: Stand- 
ley 87817 (F), 87872 (F), 87883 (F), 88113 (F), 88562 (F), 88701 (F). 
Suchitepequez: Rosengarten s.n. (Kr. Herb. 15111). Chiquimula: Steyer- 
vnark 30932 (F). Santa Rosa : Standtey 78328 (F). Jutiapa: Standley 75731 
(F), 75799 (F) ; Steyermark 30382 (F.) Costa Rica: Guanacaste: Jorge 
Leon 961 (CR) ; Brenes 12621 (CR), 15507 (CR). Puntarenas: Breves 
22801 (CR). Alajuela.: Brenes 15012 (CR), 17002 (CR) ; Krukoff 3a. San 
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Jose: Skutch 4024 (M). Panama: Panama: Allen 1631 (F). Chiriqui: 
Davidson 735 (A). 

This is apparently the first record of this common and widespread species 
from the Departments of Suchitepequez, Chiquimula and Jntiapa. 

32a. Erytiirina guatemalensis Krukoff. 

Guatemala: Suchitepequez: Rosengarten s.n. (Kr. Herb. 15124). 

The species has been hitherto known only from Baja and Alta Verapaz. 

33. ErYTHRINA AMERICANA Mill. 

U. S.: Alabama: cultivated : t Parks s.n. (Kr. Herb. 15233). Texas: culti¬ 
vated: f Parks s.n. (Kr. Herb. 15300), f s.n. (Kr. Herb. 15301), t s.n. (Kr. 
Herb. 15302). Mexico: Morelos: Krukoff la. Oaxaca: Mart incz-C aid cron 51. 

34. Erytttrina Standleyana Krukoff. 

Cuba: Pinar del Rio: Acuna s.n. (Kr. Herb. 15403). 

37. Erytiirina rubkinervia II. B. K. 

Colombia*. Caklas: Ramos Nunez s.n. (Kr. Herb. 15193). Cundinamarca: 
Quintero s.n. (Kr. Herb. 15234). 

Local names: Chocho Colorado (Colombia). 

38. Erytiirina mkxicana Krukoff. 

Mexico: Oaxaca : Mexia 9231 (F). Guatemala-. San Marcos: (lust mann 
s.n. (Kr. Herb. 15129), s.n. (Kr. Herb. 15365). Quezaltenango: Stcycnnark 
33556 ( F) , 33722 (F). Nicaragua: Granada: Grant 370. 

This is the first record of the species from Nicaragua. The Guatemalan 
specimens were collected at altitudes of 1300-1500 meters. l)r. Steyermark 
states on the labels of his specimens: “Leaves silvery beneath, olive areen 
above, corolla bright red, calyx dull red.” 

39. Erytiirina lanceolata Standi. 

Costa Rica: Alajuela: Brenes 5892 (CR), 11576 (CR), 13200 (OR), 
13201 (CR), 13461 (OR), 15006 (CR), 18938 (CR), 21812 (CR), 21989 
(CR). Cartago: Lankcstn- s.n. (Kr. Herb. 15377). 

41. Erytiirina gibbosa Cufod. 

Costa Rica : Alajuela : Krukoff 2a; Brenes 403i (CR), 1113 (CR), 1866 
(CR), 5755 (CR), 9364 (CR), 13202 (CR), 20625 (F). Cartago: Krukoff 
5a. Panama*. Bocas del Toro: Woodson et al. 1930 (A); von Wedel 578 (M), 
1196 (M). Chiriqni: Woodson et al. 913 (A). Code: Allen 110 (A). 

Local names: Poro de montana (Costa Rica). 

On my recent trip to Costa Rica I became acquainted with the species in 
the field. It is a very spiny small tree, usually 20-25 ft. high and is common 
along streams on elevations above 1000 meters, at least in the region of Tur- 
rialba (Cartago) and in the region of Buena Vista (Alajuela). At the time 
of my visit to Costa Rica (August) the majority of trees were in flower and 
a few had immature fruits. Seeds are uniformly scarlet. The species has been 
hitherto known in Costa Rica only from the provinces of Alajuela, San Jose 
and Limon. 
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42. Erythrina panamensis Standi. 

Panama: Boeas del Toro: von Wedel 1766 (M). Canal Zone: Marjorie 
Brown 16 (P). Darien : Terry 1413 (A, F, M). 

43. Eryturtna coktaricensis M. Mieheli. 

Costa Rica.* Guanaeaste: Brenes 15636 (CR). Alajuela: Kruhoff la. 
Cartago: Jorge Leon 558 (CR), 768 (CR); Kruhoff 67/, 7a, 8a. 

This large t7)rest tree, often up to 80 ft. high, is eonnnon along streams 
on elevations below 1000 meters at least in the region of Buena Vista (Ala¬ 
juela). 

45. Erythrina macropiiylla DC. 

Guatemala: Quezaltenango: SHandley 87066 (F). 

Standley notes on the label: “Roeky open hillside; alt. 1200-1400 meters; 
small tree, eonnnon; flowers bright red.” 

50. Erythrina velutina Willd. 

Trinidad: eultivated: Boi. (lard. Trm. 10012 (Triu). Venezuela: Cara- 
bobo: L. Williams 12332 (in part, F). 

Tiie New York Botanical Garden 
New York 
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THE NORTH AMERICAN VARIATIONS OF 
DISTICHLIS SPICATA 

Alan A. Beetle 


The genus Distichhs of the Uramineae (tribe Festuccae) presents an un¬ 
usual problem among the grass genera of North America because of its 
dioeciousness. The members are primarily grasses of alkaline situations, 
hence the common name 44 salt grass.” This author recognizes three species 
in North America, Dishchlis spicata (L.) Greene (a complex consisting of 
several well marked geographical varieties), I), texana (Vasey) Scribn., and 
D. palmeri (Vasey) Fassett. These last two are so easily distinguished by 
their large size and Jong spikelets as to need no further discussion here. Out¬ 
side of North America the genus is represented by D. distichophylla (Labill.) 
Fassett in the south Australian area, in South America by Distichlis spicata 
where again it seems to be broken up into well-defined geographical varieties, 
and by D. scoparia (Kunth) Arecli. 

Kafinesque (1819) first proposed Distich Its, separating it from U n tola 
and Fcstnca and including D. maritima ( D. spicata) and D. nodosa (also 
D. spicata). For nearly a century most botanists were content to call all the 
North American material of this complex one species, whether found on the 
Atlantic coast, on the Pacific coast, or inland in the dry basins of the West. 
That the species Uniola strict a of Torrev (1824) was but a variety of D. 
spicata was reasoned many times over a long period by Gray (1871 as 
Brizopyrum ), Thurber (1880), and Scribner (1894). Recently there has 
been a tendency to find specific differences between D. stncta and D. spicata; 
see Rydberg (1909), Fassett (1925) and Hitchcock (1985). Most of these 
studies were carried on with reference to a limited amount of California 
material. It was the additional evidence from this polymorphic group which 
made the present study seem worth while. 

Fassett (1925) has built up the best case for the maintenance of Disti¬ 
ch lis stricta (Torr.) Eydb. as a species. In his treatment he confines D. 
spicata to the east coastof North America and the Puget Sound region while 
the rest of the North American material, whether inland or on the California 
coast, is called D. stricta. His separation is as follows : 


I), spiral a 
corppact panicles 
10-20 spikelets 

9 spikelets slightly firmer than the stami- 
nate 

spikelets 4-9-, rarely 12-flowered 
lemmas 4.5-7.8 mm. long (except in a few 
plants) 

038 


J). si net a 

more open pit nicies 
16-24 spikelets 

9 spikelets firm and coriaceous, the stami¬ 
na te papery 

spikelets 6- to 18-flowered 
lemmas 3.2-5 mm. in length 
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D. apical a J). si rid a 

grain 2 mm. long, ovoid, and not much grain 2.5-5 mm. lotig, narrowed to an nt- 
mirrowed below tlie two beak-like styles tenuate style, which is sometimes split, 

but hardly into two distinct stylos 

leaves smooth-edged and blunt or oblique leaves sharp-pointed and serrate at the tip 
at the tip 

That Distichlis deni at a Rydb., “described as differing from D. spicata 
and I). stricta in having broader leaves, spikelets, glumes and paleas and 
dentate keels on the paleas,” differs “only in degree'’ was concluded by 
Fassett, and has recently been corroborated by Reeder (1943). This conclu¬ 
sion is again reached here but it is further maintained that the differences 
between I), spicata and I). stricta are not sufficiently constant to treat the 
entities as more than geographical varieties. 

There arc no more compact spikes (either staminate of pistillate) than 
those found in the material from coastal California; on this character as well 
as leaf serration and tip, and achene measurement the material should fall 
with D. spicata , but, as pointed out by Fassett (192.1), the characters of the 
palea and lemma are closer to those of T). stricta. The number of spikelets in 
material from California has been found to vary from 3 to 60 in pistillate 
plants and from 3 to 20 in staminate plants. The great variation in texture 
of both the palea and the lemma, usually correlated with the width of the 
base of the lemma, is recognized, but no pattern of discontinuity has been 
discovered. In general the plants which Hitchcock has maintained represent 
I). stricta as opposed to 1). dent at a have narrow spikelets with less firm 
Jemmas and paleas and lack the conspicuously dentate palea wings. There 
is certainly no dividing line. Some specimens from California are no differ¬ 
ent in texture from those of the Atlantic coast. The number of florets in a 
spikelet in California material has been counted from 3 to 14 in pistillate 
plants and from 3 to 20 in staminate plants. The variation in both shape and 
size measurements of the grains is very confusing. Some of the seeds have 
a slender attenuate tip while others have an abruptly truncate tip, and 
every length between l.o and 3 o mm. has been found in apparently fully 
mature material from western North America. As a result of the foregoing 
it is concluded that I>. stricta is not specifically distinct from 7). spicata . 

In reaching this decision it is not sufficient to study only the North 
American material. There are thirteen independent names (I), ammobia * 
araucana , hirta , ham it is , taxi flora, maryinata , mcndocnia , miscra, prostrata* 
tnndfolia , ihalassica , nrnhs , rolckmanni) for South American material* 
which, in light of the heavy conspecificity between the two continents, have 
a definite bearing on the problem. That other botanists who have dealt with 
this South American material consider l). spicata a single polymorphic 
species composed of many geographical varieties is indicated by the combi¬ 
nations D. spicata vaiv luunilis (Phil.) (). Kuntze, var. maryinata (Phil.) O. 
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Kuntze., var. thalassica (H. B. Iv.) Ktze., ami 1). spiral a var. mendocina 
Hack. Although these varieties are considered to belong to the same species 
as the North American varieties, they have marked differences, e.g., culm 
pubescence, and as yet it has not been determined with certainty that any 
of the varieties occur on both sides of the equator. 

Actually it is not enough merely to decide taxonomically that all the 
strains of a complex comprise a given species. Often names for the entities 
in subspecific categories are very important. Distichlis is one of the few 
perennial grasses of prostrate habit, spreading by rhizomes (or rarely by 
stolons) which is adapted to alkaline soils. In the west where large areas are 
alkaline, covers for air fields and playgrounds are important but difficult to 
establish. Although Dislichlis will probably never be highly recommended 
for forage it seems that some of the strains are much more palatable if not 
more nutritious than others. An analysis of the various California types 
seems therefore well justified from a utilitarian standpoint. 

Observations in the field tend to indicate that male and female plants 
occur with approximate frequency throughout the whole range, although 
often only one or the other is present in a limited area because of vegetative 
propagation. Although pollen is freely produced and pistillate plants flower 
abundantly, mature seed is seldom set probably because of (a) the separa¬ 
tion into male and female colonies, (b) the extreme xerophytic nature of 
the habitat which often does not allow sufficient time for full development. 
Of M2 North American collections of the Distichlis spicata complex avail¬ 
able for study, which may be taken to comprise a random sampling, 1411 
were pistillate only, 22 had both pistillate and starninate plants, and 167 
were starninate only. As noted by Reeder (19411) there is a noticeable pre¬ 
dominance of starninate plants in the D. sfricta group. Where plants are 
only vegetative no way has been discovered to determine whether they are 
male or female, but it is usually possible to determine to \\hat variety they 
belong on vegetative characters. Even the starninate and pistillate spikes, 
as mentioned by Hitchcock (19M), are very similar, usually differing to a 
marked degree only in the palea. 

Stebbins and Love (1941) reported 2n-40 for Distichlis , the only 
chromosome number reported for California material. Holm (1891) was 
able to recognize as distinct North American entities, based on anatomical 
evidence, the following: D. maritima (Atlantic coast), D . maritima var. 
stricta (Nebraska), D. maritima var. la.ra (Utah), D. thalassica H. & K. 
(Lower California), D. prostrata (Mexico). This author is unable to ap¬ 
praise the significance of the rather incomplete data. 

'California material of Distichlis often displays insect galls caused by the 
fly, Chlorops (jr a mine a Coq. 
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Since much of the confusion in determining plants in the past has been 
over staminate and pistillate plants it was decided here to treat each 
separately. The plants were first separated arbitrarily into males and fe¬ 
males and then separated into units on the basis of the female plants only. 
It was then considered significant that the male plants from the same region 
had the same vegetative characters. 

In the preparation of this paper material from the following herbaria 
has been examined: Agronomy Division Grass Herbarium (AG), College 
of Agriculture, Cniv. of California, Davis; Botany Department, Univer¬ 
sity of California (IK 1 ), Berkeley; Dudley Herbarium (D), Stanford Uni¬ 
versity; California Academy of Sciences. In the interest of brevity the 
source of the specimens except types will not be further specified. 

D1STK I1LIS KAFINESQPE 

Dioecious perennials; culms wiry, upright from strong, creeping, or 
deeply-running rhizomes; ligule short and evenly serrate; leaf-blades notice¬ 
ably, often stiffly 2-ranked, flat or somewhat involute; staminate spike ex¬ 
ceeding the blades, the blades usually equalling or exceeding the pistillate; 
spikelets in open or dense spikes, few to many flowered; glumes unequal, 
broad, *5-7 nerved; lemmas closely to loosely inbricate, 9-11 nerved, cori¬ 
aceous; palea usually a little shorter than the lemma, two keeled, serrate 
on the keels, often with a few long hairs on the back, the nerves sometimes 
excurrent; caryopsis brown ; stamens 3. 

Plants pistillate 

Spikes congested, the short pedicels hidden, of uniformly .1-9 downed 
sp ike lets 

Spikes narrow, culms stiictly erect, ne\er stolonifeums, often 3—(5 
dm. long 

Outer glume 3 mm. long, second glume 4 mm. long; lemma ca. 

b-10 nened 1. T). sptcata 

Outer glume 2.5 mm. long, second glume 3 nun. long; lemma ca. 

12-1-1 nerved 2. 1). .sptcata var. borealis 

Spikes o\af, culms usually prostrate, often stolonifeious, up to 3 dm. 
long 3. I). .sptcata var. stolon if era 

Spikes of approximate but i a rely congested spikelets, the pedicels read¬ 
ily \ isible, the number of florets Aery variable (3-14) 

Lea\es divaricate, culms and leaves rigid 4. T). .sptcata var. ihvancata 

Leaves mostly ascending, culms and leaves lax 

1 Hades long (1-2 dm.), equally spaced on the culm, often equal¬ 
ling or exceeding the spikes; spikelets 4—(5 mm. broad 

5. 1). .spicata var .s tricta 

filades short, seldom 1 dm. long, usually crowded at the base, 
and exceeded bv the spikes, spikelets 2-4 mm. broad 

Palea broadly winged at base, usually hairy on tlu* back 

b. J). .spicata var. rtana 

Palea narrowly winged at base, glabrous on the back 

7. 1). .spicata var. mexicana 

Plants staminate (a rudimentary pistil often present) 

Spikes congested, of uniformly 5-U-flowered spikelets, the blades usu¬ 
ally equalling the spike 
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Culms strictly erect, spikelets pale green or slightly purplish 

Florets mostly 5-C> per spikolet; leaves 1-2.5 cm. apart on culm 

usually 1. I). spicata 

Florets mostly 7-10 per spikolet; leaves 1.5-0 cm. apart on culm 

2. 7 ). spicata var. bo) calls 

Culms somewhat prostrate, often stoloniferous; spikelets strongly 
purplish 3. J). spicata var. slalomfera 

Spikes approximate but rarely congested; the blades not usually equal¬ 
ling the spike 

Leaves divaricate, culms and leaves rigid 4. 7). spicata var. divancata 

Leaves mostly ascending, culms and leaves lax 

Blades long (1-2 dm.) ; spikelets 4-d mm. broad 5. D. spicata. var. stricta 
Blades short, seldom up to 1 dm. long; spikelets 3-4 mm. broad 
First glume 2 mm. Jong, second glume 3 mm. long; anthers 2 
mm. long 0. J). spicata var. nana 

First glume 3 mm. long, second glume 4 mm. long; anthers 3 
mm. long 7. 1). spicata var. mcxieana 

1. Distichlis spicata (L.) Greene. 

Culms 1-6 dm. tall, slender, erect; blades erect up to 1.5 dm. long, 1-2.5 
cm. apart on the culm; equaling or exceeding the pistillate spikes and rarely 
exceeded by the staminate spikes; pistillate spikes pale green, 1-6 cm. Jong, 
of 8-36 congested spikelets, these spikelets 5-9 flowered, up to but not ex¬ 
ceeding 1 cm. long, 4 mm. broad, the first glume 3 mm., second glume 4 mm. 
Jong, the lemmas 6-10 nerved, 3.5-4 mm. long, closely imbricate, the palea 
2-keeled, the keels minutely, evenly serrate, the 4 nerves often excurrent; 
carvopsis ea. 2 mm. long, somewhat truncate at the tip. 

Staminate spike pale green, 1-6 cm. long, of 6-30 congested spikelets; 
the spikelets 7-10 flowered, ca. 1 cm. long, 4 mm. broad, the first glume up 
to 3 mm. long, the second glume up to 4 mm. long, the lemmas 6-10 nerved, 
3 mm. long, the palea 2 keeled but otherwise nerveless, ca. 3 mm. long; 
anthers ca. 2- 3 mm. long. 

Type locality: Atlantic Coast of North America. 

Ranye: Coastal salt marshes. Prince Edward Island to Florida; West 
Indies; Louisiana; Texas. 

Since any of the collections made in this range may be considered repre¬ 
sentative of typical Distichl is spicata (L.) Greene, no specimens will be 
cited. 

2. D. spicata var. borealis (Presl) Beetle, comb. nov. 

Brizopyrum borcalc Presl, Rel. llaenk. 1: 280. 1830. 

Culms 2-4 dm. tall, erect; blades erect, exceeding the pistillate spikes 
and rarely exceeded by the staminate; pistillate spikes pale green or slightly 
purplish, 2-6 cm. long, of 10-60 congested spikelets; the spikelets ca. 1 cm. 
long, 4 mm. broad, 5-9 flowered, the florets closely imbricate, the first glume 
2.5 mm. long, second glume 3 mm. long, the lemmas 12-14 nerved, 4.5 mm. 
long; the palea 3.5 mm. long, evenly serrate on the keels, nerveless, the 
carvopsis ea. 2 mm. long, somewhat truncate at the tip. (Figs. 1, 8.) 

Staminate spikes pale green or slightly purplish, 2.5-5 cm. long, of 6-30 
congested spikelets, the spikelets up to ca. 1 cm. long, 4 mm. broad, 5-0 
flowered, the florets closely imbricate, the first glume ca. 3 mm. long, second 
glume 3.5 mm. long, the lemmas 4.5 mm. long, 8-12 nerved, usually not 
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scabrous on the back, the pa lea Ik 5-4 mm. long, serrate on the keels, nerve¬ 
less; anthers ea. 3 mm. long. 

Type locality: Nootka Sound, Vancouver Island, Haenkc. 

Female: British Columbia, Crescent Beach, East ham 9920, Cadboro Bay, Pinro in 
1894. Washington, Clallam Co., Elmer 1667; San Juan Co., Roush in 1919; Twin Island, 
Berg 33, King Co., Thompson 5232. Male: British Columbia, Sooke Harbor, Pinco in 
1898. Washington, Whatcom (V)., Kitsap Co., Otis 1635. 

Distich I is spicata var. borealis is in many respects intermediate between 
the typical material on the east coast of North America and D. spicata var. 
stolonifcra. The Puget Sound material has the tall erect habit of typical D. 
spicata as well as the narrow spikes but in the purplish color of the spikes 
and many of the technical measurements suggests the var. stolonifcra. 

3. D. spicata var. stolonifera Beetle, var. now 

Culms up to 3 dm. tall, often prostrate, with a strong tendency to pro¬ 
duce stolons; blades erect, mostly 1-2 dm. long, the upper exceeding the 
pistillate spike and usually equalling the staminate; pistillate spike green 
or often strongly purplish, oval, club-shaped, 1.5-5 cm. long, often 2 cm. 
thick, of 8-35 congested spikelets, the spikelets 5-9 flowered, closely imbri¬ 
cate, ea. 1 cm. long or rarely longer, 4 mm. broad, the outer glumes 2.5 mm. 
long, second glume 3.5 nun. long, the lemmas 5 mm. long, faintly nerved, the 
palea 2-keeled, broadly winged below, with very hyaline margins, serrate on 
the keels above but smooth at the base, caryopsis ea. 2 mm. long, broadest at 
the base, slightly truncate at the tip. (Figs. 4, 12.) 

Staminate spikes green or often strongly purplish, 1.5-5.5 cm. long, of 
6-20 congested spikelets often interrupted below, the spikelets 7-10 flowered, 
ca. 1 cm. long, 4 mm. broad, the first glume ca. 3 mm. long, the second glume 
ca. 3.5 mm. long, the lemmas 3.5 mm. long, faintly nerved and weakly 
scabrous, the palea subequal with or slightly longer than the lemma, the 
keels minutely, evenly serrate above, the margins hyaline, nerveless, anthers 
2.5 mm. long. (Fig. 7.) 

Culmi saepe prostratae, saepe stoloniferae; spieae feminae viride ant 
saepe forte purpurascentes, ovatae, cum 8-35 congestae spiculae; spiculae 
cum 5-9 florae. Spieae masculinae viridae aut saepe forte purpurascentes, 
cum 6-20 congestae spiculae; lemmae circa 3.5 mm. Jongae; paleae sub- 
aequalae, biearinatae. 

Type locality: near Ferndale, Humboldt Co., California (pistillate), 
July 30, 1899. j. B. Davy & W. C. Blasdalc 6202 (UC). Co-type: Areata, 
Humboldt Co., California (staminate), June 17, 1899. J. B. Davy & W. C. 
Blasdale 5604 (UC). 

Female: California, Humboldt Co., "Eureka, Yales 5859; Marin Co., Point "Roves, 
Davy 6736; Contra Costa Co., Point Richmond, Beetle 1753; Alameda Co., West Berke¬ 
ley, Davy 856; near Han Francisco, Bolander 1537; San Mateo Co., Beetle 1888; Santa 
Cryz Co., Santa Cruz, Thompson in 1903; Monterey Co., Monterey, Elmer 4042; Orange 
Co., s. of Laguna Beach, Beetle 3099; San Diego Co., Coronado, Chandler 5164. 

Male: Oregon, Netarts, Thompson 3150. California, California, Humboldt Co., 
Eureka, Stcbbins ft Church 310i; Mendocino Co., Fort Bragg, Davy ft Blasdalc 6125; 
Marin Co., Davy 4039; Contra Costa Co., Wiescndangcr 1534; Alameda Co., Hayward, 
Nixon in 1915; San Francisco, Bolander 1527; Santa Clara Co., near Alviso, Dudley in 
1903; Monterey Co., Del Monte, Elmer 4042; Santa Barbara Co., Santa Barbara, Elmer 
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800,2; Los Angeles Co., Pebble Bead), Fosbery 84475; Orange Co., s. of Laguna Load), 
Heellr .am. 


The most eharaeteristic and strongly stolon if emus material of this variety 
is found at certain points along the coast, namely at Humboldt Bay, Sail 
Francisco Bay, Monterey Bay and Orange County. Material from other 
points along the coast is less stoloniferous but agrees in technical points. 
In the coast hills and inland marshes there is a considerable amount of inter¬ 
gradation, although most of this material is nearer to var. stricta. 

4. I). snoATA var. stricta (Gray) Beetle, comb. nov. 

Buzoyyi uni s jurat ti m var. si net urn A. Gray; S. Wats., in King, Geol. E\pl. 40th 
1*211. 5: .’185, 1871. (.Based on Vnmta stricta Ton*.; 

Culms 1-3.5 dm. tall, erect or rarely decumbent, the blades up to 2 dm. 
long, the upper equalling or exceeding the pistillate spikes but exceeded by 
the staminate; pistillate spike green drying straw brown, 2-7 cm. long; of 
5-40 approximate spikelets, the spikelets 0.5-2 cm. long, 5-20-flowered, 4-7 
mm. broad, the mature florets often strongly reflexed, usually not closely 
imbricate, the first glume 2-3 mm. long, the second 3-4 mm. long, the lemma 
3.5-6 mm. long, Arm, with a broad hyaline margin, the palea 3-5 mm. long, 
the keels conspicuously serrate to the base, often dentate, narrow’ or winged 
at the base, occasionally with a few long hairs on the back, the caryopsis 2-5 
mm. long, sometimes slenderly tapered to a single beak, sometimes truncate 
with a double beak. (Figs. 2, 11, 13.) 

Staminate spike green or rarely purplish, drying straw brown, 2-5 cm. 
long, of 5-25 approximate spikelets, the spikelets 0.5-2 cm. long, 5-20- 
flow’ered. 4 7 mm. broad, closely imbricate, the first glume 2-3 mm. long, the 
second 3 4 mm. long, the lemmas 5-6 mm. long, firm, equaled by the palea, 
the palea 5-6 mm. long, the keels conspicuously serrate to the base, infre¬ 
quently dentate, rarely broadly winged, usually with at least one prominent 
marginal vein, the anthers 3-4 mm. long. (Fig. 6.) 

Type locality: Canadian River, Oklahoma. 

Range: Alkaline situations; Saskatchewan south through N. D., S. I)., 
Kansas, Nebraska, Oklahoma, and Texas and west to the Pacific Coast. 

I). spicafa var. stricta has the widest range of any of the varieties. In 
various parts of its range it approaches in certain characters all the other 
varieties and even the typical material from the eastern seaboard. The 
amazing variations in the caryopsis suggests the following hypothesis. 
Distichlis might be called an evergreen grass. It needs only sufficient warmth 
and moisture to start new' growth. Yet its xerophytie habitat seldom gives 
it a prolonged period of growth for most of the time it is either too cold or 
too dry. Some achenes are produced in the cold wet winters and some in the 
hot, dry summers and many are caught in a partially mature condition when 
grow’th ceases. It is very possible that here is a case in w’hieh some of the 
reproductive structures are of less importance than the vegetative. 

In California the range of the species is disrupted by the Sierra Nevada 
and Tehachapi Mountains. 

Modoc Comity, Manning 4X5, Siskiyou Co., Butler 184i; Lassen Co., 7 let tie ,2807; 
Glcrm Co., Davit in 1898; Sierra Co., Lemmon in 1874; Colusa Co., Beetle 3X70; Yolo 
Co., JRaynor in 1939; Alameda Co., Yates 5503; Mono Co., Bose 35416; Merced Co., 
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Fias. 6-8. Staminate paleas. Fig. (>. 1). spiral a var. strict a , drawn from Santa 
Barbara Co., Ca^if., material. Fig. 7. I), spirata var. stolonifcra, drawn from Alameda 
Co v Calif., material. Figs. 9-13. Sample grains of the 1). spicata complex. Fig. 9. J). 
spicata var. nana, drawn from Merced Co., Calif., material. Fig. 10. I), spicata var. 
divarieata , drawn from Imperial Co., Calif., material. Fig. 11. 7>. spicata var. strirta, 
drawn from Sandberg $ Leiberg 468 , the co-type of J). dentata . Fig. 12. J). spicata 
var. stolon ifera f drawn from San Mateo Co., Calif., material. Fig. 1*3. 1). spicata var. 
stricta, drawn from Nebraska material. 
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Howell 2046; Kings Co., ficelle $981; Tulare Co., Palmer $754; Inyo Co., Beetle 8669; 
Kern Co., Vary 184$; Han Luis Obispo Co., Johan men 1190; Ventura Co., Simontacchi 
112; San Bernardino Co., Beetle 8204; Orange Co., Wolf 8785; Riverside (V)., Koethen 
in 1897; San Diego Co., Chandler 5227. 

5. D. spicata (L.) Greene var. nana Beetle, var. now 

Culms ereet, very slender, 1-4 dm. tall, the blades up to 6 dm. long, 
rarely longer, exceeded by both the staminate and pistillate spikes, often 
crowded at the base, the pistillate spikes green or purplish, drying brown, 
1-4 cm. long, of 3-12 approximate spikelets, the spikelets 0.5-2 cm. long, 
3-18-flowered, 3-4 mm. broad, closely imbricate, the first glume ca. 3 mm. 
long, the second glume 3.5 mm. long, the lemmas ca. 3.5 mm. long, very broad 
at the base, 9-nerved, the palea subequal, very strongly ciliate on the keels, 
abruptly winged below, with a single prominent marginal nerve, the caryop- 
sis ca. 2 mm. long, abruptlv truncate at the apex, the apex often bent. (Pigs. 
3, 9.) 

Staminate spike green or purplish, drying brown, 1-4 cm. long, of 3-12 
approximate spikelets, the spikelets 0.5-2 cm. long, 3-16-flowered, 3-4 mm. 
broad, closely imbricate, the glumes ca. 3 mm. long, the lemma ca. 3.5 mm. 
long, broad at the base, 9-nerved, the palea subequal, evenly ciliate on the 
narrow keels, anthers ca. 2 mm. long. 

Culmi erectae, suimne graciles, 1-4 dm. alti, laminae generalis usque ad 
6 dm. longae, saepe basi confluenti, spicae feminae viride aut purpurascentes, 
cum 3-12 propinquae spiculae; spiculae propinquemente imbricatae, cum 
3-18 florae, lemmae circa 3.5 mm. longae; paleae subaequalae, bicarinatae. 
Spicae masculinae viridae aut purpurascentes, cum 3-12 ])ropinquae spicu- 
lae, spiculae cum 3-16 florae. 

Type locality: California, Tulare County, Whitaker Forest, June 28, 
1928, P. B. Kennedy (AG). Co-tvpe: California, Kern Countv, near Bakers¬ 
field, 1896, J. B. I)dvy 1SU (UCj. 

Female: California, Teliama Co., w. of Red Bluff, fit die 8285; Keru Co., McKit- 
trick, Yates 6511; Tulare Co., Whitaker Forest, Kennedy in 19«8; Santa Barbara Co., 
w. of Cuvama Ranch, Beetle 8031; Merced To., e. of San Joaquin R., Slthbnts 2798; 
Stanislaus Co., w. of Modesto, Beetle 294 f; Monterey Co., s.w. of Bradley, Grahm 376; 
Han Diego Co., Escondido, Meyer 151; Lassen Co., Amedee, Davy in 1897. 

Male: California, Stanislaus Co., Sharsmith 3777; Kings (V)., s. of Annona, Beetle 
2967 ; Kein Co., neai Delano, Davy 2146; Tulare Co., Visalia, Dudley in 1990; Alameda 
Co., n.w. of Halfway House, G. L. Stebhms 2736; Fresno Co., Huron, Eastwood in 1893. 

This variety is often reported collected on soils which seem to be hardly 
if at all alkaline. It has the finest leaves and would seem to be the most 
palatable for stock. 

6. 1). spicata (L.) Greene var. divaricata Beetle, var. liov. 

Culms 1-4 dm. tall, very stiffly erect, the blades rarely exceeding 5 cm. 
in length, rigid, divaricate, exceeded by both the staminate and pistillate 
spikes, the pistillate spike green or purplish quickly turning brown, 2-6 cm. 
long of 6-20 approximate spikelets, the spikelets 0.5-1.5 cm. long, 5-12- 
flower ed, 3-6 mm. broad, the first glume 3 mm. long, the second glume 3-3.5 
mm. long, the lemma ca. 4 mm. long, broad below, without prominent nerves, 
the palea ca. 3.5 mm. long, often dentate, conspicuously serrate oil the keels. 
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usually without prominent nerves, the caryopsis 2-3 mm. Ioujlt, plump, 
usually somewhat tapered to a single apex. (Pig. 10.) 

The staminate spike green or purplish quickly turning brown, 2-6 cm. 
long, of 6-15 approximate spikelets, the spikelets 0.5-1.5 cm. long, 5-12- 
flowered, 3-6 mm. broad, the first glume ca. 3 mm. long, the second glume 
nearly subequal, the lemmas ca. 4 mm. long, broad below, without prominent 
nerves, the palea subequal, very narrow, nerveless, the anthers 2-2.5 mm. 
long. 

Culmi 1-4 dm. alti, summe erecti rigide, laminae generalis usque ad 5 cm. 
longae, rigidae, divaricatae; spicae feminae viride ant ])urpurascentes, cum 
6-20 propinquae spiculae, spiculae cum 5-12 florae, lemmae sinae promi- 
nentae nervae; paleae saepe dentatae; gramen pinquis. Spicae masculinae 
viridae aut purpurascentes, cum 6-15 propinquae spiculae. spiculae cum 
5-12 florae, sine promineutae nervae; paleae subaequalae, summe angustae, 
sine nervae. 

Type locality: California, Riverside Co., Salton, J. B. Davy in 1902 (UC). 
Co-type, California, Imperial Co., Salton Sink, March 17, 1917, E. A . Mc¬ 
Gregor 779 (Dudl). 

Female: California, Korn Co., near Rosamond, Davy 2944; Mexico, western Sonora, 
1898, W. IV. Trice; Sonora, Wiggins $5X7, Baja Calif., IViygins Gillespie 4171. 

Male: California, Mojave, M. E. Jones in 1917, Heath Valley, Gnnnrll in 1917. 
Mexico, Baja Calif., n. of Ensenada, Wiggins <$• Gillespie 3920. 

7. Distichlis spicata (L.) Greene var. mexicana Beetle, var. nov. 

Culms 1-3 dm. tall, erect, rather slender; blades erect, up to 1 dm. long, 
the upper about equalling the pistillate spikes and exceeded by the stami¬ 
nate, the pistillate spike green, 3-5 cm. long, of 6-16 approximate spikelets, 
the spikelets 0.5-1.5 cm. long, 3-4 mm. broad, the upper often curved, of 
3-12 florets, the first glume ca. 3 mm. long, the second 3.5 mm. long, the 
lemma prominently 9-nerved, very broad below with a hyaline margin, ca. 
5 mm. long, the palea subequal, serrate on the often dentate keel, with a 
single prominent marginal vein, the caryopsis plump at the base, gradually 
tapered to the apex. (Fig. 5.) 

Staminate spike green or purplish, 1.5-8 cm. long, of 6-15 approximate 
spikelets, the spikelets 0.5-1.5 cm. long, 3-4 mm. broad, the upper often 
curved, of 3-12 florets, the first glume ca. 2 mm. long, the second 3-3.5 mm. 
long, the lemmas prominently 9-nerved, broad below, with a hyaline margin, 
the palea subequal, serrate on the keels, narrow above and slightly broadened 
below, the anthers 3-4 mm. long. 

Culmi 1-3 dm. alti, erecti, aliquanti graciles; laminae ereetae, usque ad 
1 dm. longae; spicae feminae cum 6-16 propinquae spiculae, spiculae superi- 
oribus saepe flexi, cum 3-12 florae, lemmae et paleae subaequalae. Spicae 
masculinae, viridae aut purpurascentes, longae, cum 6-15 propinque spicu¬ 
lae, spiculae superioribus saepe flexi, cum 3-12 florae. 

Type locality: Mexico, city of Durango, 1896, E . Palmer 388 (UC) 
(pistillate). Co-type: Mexico, city of Durango, E. Palmer 182 (l T C) (stami¬ 
nate). 

Mexico, Valley of Mexico, 1897, C . O. Pringle 6640. 
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Specific Names Applied to Dikticulik 

Dislichlis, Rafin. in Jour. Phys. 89: 104. 1819. 
ammobia Phil, in Anal. (Iniv. Chil. 43: 569. 1873 (South America). 
araucaria R. Phil. Anal. TTniv. Chil. 94: 162. 1890 (South America). 
condcnsala Hemal. Biol. CVntr. Am. Hot. 3: 578. 1882-1880 (based on Mcgastachya 
condensatum ) (Mexico) = Voa ' 

dental a Rydb. Bull. Torrcy Club 34: 536. 1909 (Washington, Sandberg & Leiberg 
463) = 71. spicata var. stricta. 

distichophylla (Labill.) Fassett. Rhodorn 27: 71. 1925 (based on Uniola disticho- 
phylla). 

hirta Phil. Anal. Univ. Chil. 43: 570. 1873 (South America). 
hum Him Phil. Anal. Mus. Nac. Chile, Hot. 80, 1891 (South America). 
lajiflora Hackel a pud Stuckeit in An. Mus. Nac. Buenos Aires 21: 141. 1911 (South 
America). 

marginal a Phil. Anal. Mus. Nac. Chile 80. 1891 (South Ameiica). 
maritima Benth. FI. Austral. 7: 637. 1878 (Australia) J). distichophylla. 
mantima Rafin. Jour. Phys. 89: 104. 1819 (based on Uniola maritima) ~1). spicata. 
maritima var. la.ra Holm. Bot. Gaz. 16: 277. 1891 (Ftah) = 7>. spicala var. stricta. 
maritima var. stricta Tliuib., in S. Wats., Bot. Calif. 2: 300. 1880 (based on Uniola 
stricta). 

mciidocana Phil. Sort. Mend. Alt. 51 (South America). 
miscra Phil. Anal. Mus. Nac. Chile 86 1891 (South America). 

multmcrvosa Piper. Biol. Hoc. Wash. Proc. 18: 147. 1905' Uascyocliloa multmcrvosa. 
nodosa Rafin. dour. Phvs. 89: 104. 1819 (based on Fcslnca disticliophytla and F. triti- 
cca ) — Poa mi chain*. 

pal mm Fasset ex T. M. dolmston in Proc. Calif. Acad. Sci. Her. IV. 12: 984. 1924 
-Uniola pal nun 

prostrata (H.B.K.) F. l>ex\. in C. Gay, FI. Chil. 6: 398. 1853 (based on Voa piostrata) 
(South America ) 

scopana (Kunth) Arech. Gram. Fiug. 397. tab. 58. 1894 (based on Voa scopama) (South 
America). 

spicata (L.) Greene. Bull. Calif. Acad. 2: 7. 415. 1887 (based on Uniola spicata). 
spicata var. hitmths (Phil ) O. Ktze. Rev. Gen. 3, pt 2: 350. 1898 (South America). 
spicata var. 1a.ra Vasey, Beal, Grasses N. Am. 2: 519. 1890 (Utah, Tracif m 1887 ) ~ D. 
spicata \ar. stricta. 

spicata var. marginata (Phil.) (). Ktze. Re\. Gen. PI. 3, pt. 2: 350. 1898 (South 
America). 

spicata var. mtndozma Hack. Anal. Mus Xac. Buenos Aires sei. 3, 6: 513. 1900 (South 
America). 

spicata stricta Seribn. Mem. Tone} Club 5: 51. 1894 (based on Uniola stucta)~T >. 
spicata \ar. stud a. 

spicata var. thalassica (H.B.K.) Ktze. Rev. Gen. 3, pt. 2: 350. 1898 (South America). 
stricta Rydb. Bull. Torrcy Club. 002. 1905 (based on Uniola stneta). 
stucta \ar. laxa Fassett (spalm. Fawcett) & West ex Munz, Man. South. Cal. 52. 1935 
(based on IK mantima var Una) I). spicata \ai. stricta. 
tenuifoha Phil. Anal. TTniv. Chil. 94: 102. 1890 (South America). 

tc.iana Scnbn. m U. S. Dept. Agr. Bull. Agiost. Circ. 16: 2. 1899 (based on Voa tc.utna'). 
thalassica (H.B.K.) F Pes\. in C. Gay, FI. Chil. 6: 397. 1853 (South America) (bused 
on Voa thalassica ). 

thalassica lar. mendoema Kurtz. Bol. Acad. Nac. Cieuc. Cordoba 15: 521. 1897 (South 
America ). 

rmdis R. Phil. Anal. T T ni\. Chile 94: 163. 1890 (South America). 
volckmanni Phil. Anal. Univ. Chil. 43: 571. 1873 (South America). 

Division of Agronomy, University of California 
Davis, California 
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than one yeai’s issue in any classification). doilespondence relating to the card 
issue should be addressed to the Treasurer of the Toney Botanical (dub. 
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Bailey, L. H. Bmlnd , and an Kiythro. Vgentes Jleih. 6: 177-197. /. X7—UH*. 
An 1943. 

Bailey, L. H. New palms in Panama, and others, dentes lleib. 6: 199-204. 
f. In 1-1.10. Au 1943. 

Bailey, L. H. Species Hatorum. The genus Jtubus m Noitli America north of 
Mexico. VI. Section 7 duneifolii. Ashen Blackberries. Sand Blackberries, 
dentes Herb. 5: 420-4(11. /. VU-'IO. 31 Au 1943. 

Bakewell, A. Botanical collections of the Wood Yukon Expedition of 1939-1941. 
Klmdoia 45: 3()r> 310. 10 Au 1943. 

Barbour, W. R. Note on Vantanca Barboiuu Standley. Trop. Woods 75: 7, 
S 1 S 1943. 

Bartram, E. B. Additions to the moss Horn of noithein dhile. Parlowia 1: 4 91 — 
11*4. f /-5. .11 1943. 

Bartram, E. B. Burma mosses. Parlowia 1: 171-1K9. 31 1943. 

Batalla de Rodriguez, M. A. Estudio de las plantas cultivadas en la region 
de lzucnv de Matamoios, Pue. An. Inst. Biol. | Mexico] 13: 403-491. /. 
/- /. 1942 | 31 1943]. 

Beetle, A. A. Studies in the genus Sen pus L. V1. The section Schoenoplectus 
Pal la. Am. Join. Hot. 30: 395-401. 3e [2(5 31) 1943. 

Blake, S. F. Ten new Ameiican Asteraeeae. 3om. Wash. Acad. 33: 205-272. 
15 S 1943. 

Borsini, O. E. Valerianacens de Tuciunan. Lillo.i 8: 353-377. pi. 1-1 2. 27 
My 1943. 

Calvey, M. E. A study of a few of the medicinal plants found in dattaraugus 
dounty, N. V. III. Sci. Stud. St. Honaventuro doll. 11‘: 5-8, 28. 3e 1943. 
Clausen, R. T. Strium htrsuUuu. Hesert 15: 90-94. J f. 31-Au 1943. 

Clausen, R. T. & Uhl, C. H. Revision of Scrfum CocktreUtt and related species. 
Hrittonia 5: 33-40. /. 1-JO. S 1943. 

Clokey, I. W. Notes on the flora of the dharleston Mountains, Clark dounty, 
Nevada. V. daetaceae. Madrono 7: 07 70. pi. /, 3. 29 J1 1943. 
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Coker, W. C. Magnolia cordata Micliaux. Jour. Elisha Mitchell Soc. 59: 81-88. 
pi. 17-20 f. 1-6. J1 1943. 

Core, E. L. The genus Sclcria in extra tropical South America. Lilloa 8: 
535-544. 27 My 1943. 

Correll, D. S. The genus Uabenaria in western North America. Leafl. West. Bot. 
3: 233-247. 7 J1 1943. 

Cory, V. L. Asplenium Palmeri in Texas. Am. Fern Jour. 33: 311, 112. Jl-S 
1943. 

Cory, V. L. The wild cherry of the Carrizo Sands of Texas. Rhodora 45: 325- 
327. 10 Au 1943. 

Croizat, L. The concept of inflorescence. Bull. Torrey Club 70: 490-509. 
/. 1-15. 1 S 1943. 

Croizat, L. New families. (Rictus & Succ. Jour. 15: 64. My 1943. 

Croizat, L. What is the trinomial Tvpicus? IT. Bull. Torrey Club 70: 406-417. 
12 J11943. 
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83. 29 Jl. 1943. 

Cronquist, A. Noteworthy plants from Idaho. IT. Madrono 7: 77-82. 29 31 
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250-254. 7 31 3943. 

Daniel, H. Cordoneillos y Curares. Univ. Antioqua 58: 223-232. Ap-My 
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Eastwood, A. Some Alpine Casiillejas from the High Sierra of California. Am. 

Midi. Nat. 30: 40-46. 1 pi. Jl |S| 1943. 

Eastwood, A. Variations in Castilleja plagiotoma. Leafl. West. Bot. 3: 248, 219. 

7 Jl 1943. 

Fassett, N. C. Another driftless area endemic. Bull. Torrey Club 70: 398, 399. 
12 Jl 1943. 

Fassett, N. C. The validity of J uniperns virgimana var. crebra. Am. Jour. Bot. 
30: 469-477. f. 1-SI. Jl [ Au] 1943. 

Fernald, M. L. Centaurca nervosa in America. Rhoden a 45: 331, 332. 10 Au 
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Fernald, M. L. Contributions from the Gray Herbarium—No. CXLVTTT. VIII. 

Notes on U leracium. Rhodora 45: 317-325. 10 Au 1943. 

Fernald, M. L. Eastern extension of Ctrsium Flodmani. Rhodora 45: 356. S 1943. 
Fernald, M. L. Minor transfers and forms in Ctrsium. Rhodora 46: 353, 354. 

S 1943. 

Fernald, M. L. Our albino Lupine. Rhodora 45: 356. 8 1943. 

Fernald, M. L. Our varieties of Trifohum pratense. Rhodora 45: 331. 10 Au 
1943. 

Fernald, M. L. Trifolunn hybridum and its var. rlegans. Rhodora 45: 331. 
10 An 1943. 

* Fosberg, F. E. Notes on plants of the Pacific Islands. III. Bull. Torrey Club 
70: 386-397. 12 Jl 1943. 

Fosberg, F. R. The Polynesian species of lJedyotis (Rubiaeeae). Bishop Mus. 
Bull. 174: i, l-102p. pi. 1-4. 5 Ap 1943. 

Frye, T. C. & Clark, L. Hepaticae of North America. Part II. Univ. Wash. 
Publ. Biology 6: 163-336. illustr. 25 Jl 1943. 
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20 S 194ft. 

Gleason, H. A. Contributions of the Torrey Botanical Club to the development 
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Goodwin, E. H. Cheek list and index to the Cyperaceae of Monroe County, New 
York. 1-20. Rochester, New York. The author. Je 194ft. 

Gundersen, A. Flower forms and gioups of Dicotyledons. Bull. Torrey Club 
70: 510-510. pi. /. 1 S 194ft. 

Haglund, G. Taraxacum in arctic Canada (Fast of 100° W.) (Introduction bv 
Artheme Dutilly, O.M.J.) Bhodora 45: ftft7-ft4ft. S 194ft. 
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Fern Jour. 33: 105, 100. J1--S 194ft. 

Hayden, A. A botanical survey in the Iowa Lake region of Clay and Palo Alto 
counties. Iowa Jour. Sci. 17: 277-415. f. 1-iH. Ap 194ft. 

Heady, H. F. Annotated list of the mosses of the Huntington forest. Roosevelt 
Wildlife Bull. 8: 41-58. Je 194ft. 

Hoover, R. F. Observations on Californian plants—III. Lead. West Bot. 3: 
254-250. 7 J1 194ft. 

Howard, R. A. Studies of the Icacinaceae—VI. I rruufbailciia and Cothncai putt, 
two new genera of the Icneinene. Brittonia 5: 47-57. f. /-J. S 194ft. 
Howard, R. A. Studies of the Icacinaceae—VII. A revision of the genus 
Mf thtsaufht ra Socman. Lloydin 6: lftft-14ft. pi. /. Jo 194ft. VTTI. Brief 
notes of some Old World genera. 144-154. pi 7—ft. 

Howell, J. T. Sortulum (Jreeneanum. Am. Midi. Nat. 30: 0-ft9. J1 |S] 194ft. 
Hume, H. H. Zcphranthcs ffranhs Ilerb. and Z<plmml/ics minima Herb. Am. 

Jour. Bot. 30: 501-504. f. 7-5. J1 |Au| 194ft. 

Jaramillo, R. FI milpesos, monogiafias botanicas. Cnn. Antioipioa 58: 215-222. 
Ap-Mv 194ft. 

Jenkins, M. T. A new locality for teosinte in Mexico. Join, limed. 34: 200. 
/. J1 | S | 194ft. 

Johnson, J. H. Derm inn lime secreting algae from the Guadalupe Mountains, 
New Mexico. Bull. Heed. Soe Am 53: 195-220. pi. /—/ + f. /J. 1 F 1942. 
Johnston, I. M. Plants of Coahuila, eastern Chihuahua. and adjoining Zacatecas 
and Durango, T. Jour. Arnold Arb. 24: ftOO-ftftSb Jl 194ft. 

Jones, C. H. Additions to the revised catalogue of Ohio vascular plants. XI. 
Ohio Jour. Sci. 43: 180-192. Jl 194ft. 

Jones, C. H. Studies in Ohio tloustics. IT. Rare plants of Ohio. Castnuea 8: 
81-108. My-0 [Au] 194ft. 

Jones, G. N. A new form of Tninu .\ nrpuuana fiom Indiana and Illinois. 
Rlmdora 46: ft54, 355. S 194ft. 

Krukoff, B. A. & Moldenke, H. N. Supplemeutaiv notes on Amencan Menisper- 
maceae*—III. Bull. Torrey Club 70: 400-406. 12 Jl 194ft. 

Krukoif, B. A. & Monachino, J. Supplement an notes on the American species 
of Slrycluws —l. Brittonia 5: 21-24. S 194ft. 

Leonard, E. C. Three new Aennthacone from Panama. Proc. Biol. Soe. Wash. 
56: 5ft—50. 1(> Je 194ft. 

Li, Hui-Lin Notes on the flora of Tndo-Chiua. Jour. Arnold Arb. 24: 362-ft74. 
Jl 194ft. 
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McVaugh, R. Botanical collections of the La Plata expedition of 1853-1855. 
Brittonia 5: 04-79. S 1943. 

McVaugh, R. The status of certain anomalous native era bap pies in eastern 
United States. Bull. Torrey (Hub 70: 418-429. /. 1-3, 12 J1 1943. 
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| Mexico] 13: 021-034. /. 1-1U. 1942 | .11 1943]. 
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Moldenke, H. N. Contributions to the Horn of extratropical South America. 
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1 S 1943. 
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Muenscher, W. C. Potamoprton spin!his may grow as an annual. Rliodora 45: 
329, 330. 10 Au 1943. 

O’Donell, C. A. & Lourteig, A. Hippornancae Aigentinae (Euphorbiaeea ). Lilloa 
8: 545-592. pi. 7-6’ + /. 1-11. 27 My 1943. 

Papenfuss, G. F. Notes on algal nomenelatuio. II. (ipmnosonis J. Agardh. Am. 

Jour. Bot. 30: 403-408. /. 1—13. J1 [Au] 1943. 

Patrick, R. The diatoms of Lmsley Pond, Connecticut. Proc. Acad. Nat. Sei. 
Phil. 95: 53-110. pi. 11, U. 30 ,J1 1943. 

Pennell, F. W. The Scrophulariaceae of the western Himalayas. Acad. Nat. Sci. 

Phil. Monograph 5: i—rn, 1-1(53. pi. 1—:J3. 10 S 1943. 

Pennell, F. W. A second summary of the Scrophulaiiueeae of New (iuinea. Jour. 

Arnold Arb. 24: 243-274. pi. 1-3. .11 1943. 

Pennell, F. W. To the Paramo de Chaquiro. Am. Fein Jour. 33: 81-90. ,11-S 
1943. 

Perry, B. A. Chromosome number and phylogenetic relationships in the Euphor- 
biaceae. Am. Jour. Bot. 30: 527-543. /. 7-9. .11 | Au | 1943. 

Porter, C. L. The genus Aw phi pap pus Tori*, and Gray. Am. Jour. Bot. 30: 
481-483. /. 7. .11 [Au] 1943. 

Porter, C. L. A new species of Sphavralna from New Mexico. Bull. Torrey 
Club 70: 531, 532. /. 7, J. 1 S 1943. 

Record, S. J. Keys to American woods. Trop. Woods 73: 23-42. 1 Mr 1943. 74: 
17-43. 1 Je 1943. 75: 8-20. 1 S 1943. 

Rickett, H. W. The inflorescence of Cralarpus. Bull. Torrey Club 70: 489-495. 
/. 7, af. 1 S 1943. 
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Matamoros, Pue. An. Tlist. Biol. | Mexico] 13: 307-403. /. 7, J. 1042 
| .11 1043). 

Schweinfurth, C. A now South American Lifromonimun. Am. Orchid Soe. Bull. 
12: 134—13(1. 7 pi. 3 S 1043. 

Schweinfurth, C. A Permian novelty in Cat and uni. Am. Orchid Soc. Bull. 
12: loo. pi. /. 4 An 1043. 

Shaver, J. M. The filmy and polypody I’orus in Tennessee. Jour. Tonn. Acad. 
18: 213-222. /. W-Ui. .11 1043. 

Shaver, J. M. New occunoncos of Dipophn. \ CUntoiuana in Tennessee. Am. 
Coin Jour. 33: 107-109. Jl-S 1 ‘MB. 

Shinners, L. H. The genus Ashi in Nova Scotia. Rhodoia 45: 344-351. S 1943. 
Smith, A. C. Killipiclla , a new Colombian genus of \ accinneone. Jour. Wash. 
Acad. 33: 242-244 /. 7. 15 Au 1043. 

Smith, A. C. Studios of Pacific Island plants, Tl. Notes on the Pacific species of 
Piptr. Jour. Arnold Ail*. 24: 347—391. .11 1043. 

Smith, A. C. Studios on Pacific Island plants—Til. Now and notewoithv dowel¬ 
ing plants from Fiji Bull. Torrev Club 70: 533-540. 1 S 10 43. 

Stehlg, H. La vegetation muscinalos dos Antilles Fiancaises ot son jiiteiet dans 
la valorisation svlvicole. Uanb. Foiostoi 4: 194-182. .11 1043. 

Standley, P. C. A Costa Rican species of Vantmu a, of the family Thnnii lacoao, 
a group now to Central Amciicn. Trop. Woods 75: 5, d. 1 S 1043. 

Stout, A. B. Jft mnocalhs alhssnna Stout sp. nov. The Tsu kin slum day lily. 

ITeihertia 9: 103-109. 7. 71 ,'6*. My 1043. 

Svenson, H. K. Modern taxonomv and its relation to geogiaphy. Torroya 43: 
44-40. .11 [ Au | 1043. 

Vecchierello, H. flepaticae oi liveivvoits mentioned in David F. I>n,v's Catalogue 
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Vecchierello, H. List of mosses mentioned bv David F. Day in his Catalogue of 
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Waterfall, U. T. A new species of Ilaplopappns from southwestern Texas. 
Rhodora 45: 351-353. S 1043. 

Weatherby, C. A. Valid and legitimate names —ami 'Jhahclnun pnh/caipmn S. 
Wats. Madrono 7: 83-85. 20 .11 1043. 

Wherry, E. T. Microslms , Phlox % and an inteimediate. Brittonia 5: 90-93. 
/. /. S 1043. 

Woodson, R. E. A new Amsonia from the Ozarks of Arkansas. Rhodoia 45: 
328, 320. 10 Au 1043. 

Yuncker, T. G. Cnscnki Flossdorfh Ilickeu. Lilloa 8: 305, 309, 27 My 1043. 
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Bailey, I. W. & Nast, C. G. The comparative morphology of the Wintoraceae. I. 

Pollen and stamens. Jour. Arnold Arbor. 24: 340-346. pi. 1-3. J1 1943. 
Bannan, M. W. Wood structure of 11 pania. Am. Jour. Pot. 30: 351-355. f. 1-37. 
My | 4 Je] 1943. 

Berger, C. A. & Witkus, E. B. A cytological study of c-mitosis in the polysomatic 
plant Spinacui olvraeea, with comparative observations on Allium cepa. 
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Carlson, M. C. The morphology and anatomy of Calopapon pnlchcllus. Bull. 

Torrey (Tub 70: 349-368. f. 1-36. 12 J1 1943. 

Cheadle, V. I. Vessel specialization in the late metaxylcm of the various organs 
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Crafts, A. 8. Vascular differentiation in the shoot apices of ten coniferous spe¬ 
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24: 310-322. f. 1-6. J1 1943. 
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Esau, EL. Vascular differentiation in the pear root. Hilgardia 15: 299-311. 
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Gaiser, L. O., Sutherland, M. & Moore, R. Cytological studies in Martpnia 
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Isenberg, I. H. The anatomy of redwood bark. Madrono 7: 85-91. pi. 6-18. 
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Kemp, M. Morphological and ontogenetic studies on Torre pa calif arnica Torr. 1. 
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517./. 1-17. JJ | Au] 1943. 
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Torreyn 43: 29-34. /. 1-4. J1 [27 Au] 1943. 
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PLANT PHYSIOLOGY 

Addicott, F. J. Pollen germination and tube growth in Milla as affected by pure 
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lonchocarpus 431; mollissimus 430; 
oocalycis 431; Osterhoutii 431; Patter- 
sonii 431; pectinatus 430, 431; prae- 
longus 431; Preussii 431, 433; ptcro- 
carpus 431; racemosus 430, 431; ra- 
faelensis 431; selcrocarpus 431, 432; 
tet rapier uh 431; toanus 431, 433, 434 
Astragalus , chromosomes of 430 
Athrotaxis sclaginoides 337-347 
Athyrium asplenioides 223; pycnocarpon 
223; thelypteroides 222, 223 
Atropa belladonna 244—250 
Arena elatior 470 

Asolla caroliniana 387, 485, 486; fllicu - 
loides 387 

Bacillus adhaerens 4; agri 4; cereus 4, 5; 
fusiformis 4; megatherium 4, 5; rnesen-' 
tericas 4, 5; mycoidcs 4, 5; sublilis 4, 5; 
nbicuitarius 4 
Baccharis trinervis 74 
Baeodromus holwayi 69 
Baeomyces rose us 142 
Baldwin, J. T., Jr.: Polyploidy in Sedum 
pnlchellum —I. Cytogeography 26 


Baptisia leucophaea 38, 40 
Barnhart, John Hendley, Cornelia L. 
Carey, and Harold C. Bold: Tracy 
Elliot Hazen 559 
Barringtonia petioldta 546 
Batodendron arboreum 226 
Bauhinia fassoglensis 530; monandra 541 
Beard, Frances Clark: The germination 
capacity of maize pollen having aberrant 
nuclei 449 

Beck, William A., and Basilia Andrus: 
The osmotic quantities of the cells of the 
hvpocotyl of Uelianthus annuus seed¬ 
lings 563 

Beetle, Alan A.: The North American 
variations of Disiichhs spicata 638 
Belladonna, Phytophthora rot of 244 
Benzoin aestivate 513 
Berberis fascicularis 70, 74 
Berchemia crcnulata 544; Fournieri 544 
Berger, C. A., and E. K. Witkits: A cyto- 
logical study of c-niitosis in the poly- 
somatic* plant Spinacia oleracea, with 
comparative observations on Allium cepa 
457 

Betula allcgheniensis 220, 221 ; lenta 221 ; 
papyrifera 513 

Bicuculla canadensis 223, 224; cueullaria 
223, 225 

Bidens laevis 485, 486 

Bleekeria clliptica 549; vitiensis 549 

Blephdta hirsuta 225 

Bloch, Robert: Differentiation in red 
root-tips of Phalans arundinarea 182 
Bold, Harold C m Corneliv L. Carey, and 
John Hendley IUrnhart: Tracy Elliot 
Hazen 550 

Boelunena eyhndriea 485, 486 
Bonner, James: Further experiments on 
the nutrition of isolated tomato roots 
184 

Botanical Literature, Index to American 
82, 198, 325, 440, 550, 651 
Bolrychium dissert um 223; obhquum 223; 

Virginian u m 223 
Boutcloua gracilis 471 
Brachyphragma Serenoi 433 
Brassavola nodosa 105, 106 
Bricopyrum boreale 643; spiral um var. 
strict um 645 

Bromus Beneckcnii 233; inermis , Morpho¬ 
logical variation and cvtologv of 467- 
471 

Broussonelia papyrifera 513 
Brunonia australis 515 
Bubakia argentinensts 521 ; crotonis 521, 
525; chertiac 521; eryihroxylonis 521; 
mexicana 69 
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Buddieia officinalis 515 
Buckleya distichophylla 227 
Bun7,ell, II. H.: A new constituent in 
wheat germ oil 599 

Burkholder, Paul B., and Dorothy 
Moyer: Vitamin deficiencies of fifty 
yeasts and molds 372 

(Jain, Stanley A.: The tertiary character 
of the cove hardwood forests of the 
Great Smoky Mountains National Park 
213 

Call land ra comat liana 80 
Calhslcmon spcciosuft 501 
Calhospora diphysac 81 
Calopogon pulchcllus , the morphology and 
anatomy of 349 
Calopogonunn gal actio ides 80 
Calycanthus florid us 513 
Calyph'idmm umbcllatum 03 
Campanula rotundifolia 515 
Campanulaslrum amcncanum 225 
Camptothvcinm wotdcnn 130 
Cumpylmm nt citatum 130 
Canavaha nllosa 73 

Candida albhans 373, 375; chalmcrsi 373; 
chcvahcri 373, 375; deformans 373, 375; 
flareri 373; mycotoruloidca 373; para- 
hr unci 373; stcllatoidca 373; zeyla- 
710 ides 373, 375 

Cartx austro-caroliniana 224; digit ala 233; 
flexuosa 224; geyeri 477; liotcct 486; 
pcnnsylvamca 30-38, 40, 225; plan- 

taguica 224; prasma 225; stellata 225 
C\RKY, ('OKXELIA L., 11 \ROLD C. P>OLD, AND 
John TIendley Barnhart: Tracy Elliot 
Tlazen 559 
('anca papaya 110 

(\\rlson, Makoern O.: The morphology 
and anatomy of Calopogon pitlrhrUus 
349 

Carpinus carotin tatia 220; grand is 220 
Cassia Tora 220; torafonnis 220 
Cast anca cfaiborncnsis 220; dentata 221, 
220; molhssima 513 

Cattlcya, growth of fruits in, and allied 
genera in the Orchidaceae 104; ame¬ 
thyst oglossa 105-107, 110; bicolor 105; 
bowringuma 105-108, 110, 110, 117; 
granulosa 105-107, 110, 115; guttata 
105; intermedia 105; labiata 105, 110; 
var. mossiac 104; loddigcsii 105—107, 
110; tut cola 105; sknnicrt 105; trianaci 
105, 100, 108-110, 118 
Caulophyllum robustum 227; thalicfroidcs 
224, 227 

Cclastrus angnlata 50(1; orbictdala 500— 
507; scamlc ns 436, 500, 505-507 


Celtis Jfarpen 535-537; occidentals 220; 

paniculata 530; vitiensis 536, 537 
Cenchrus ciliaris 527; pauci flows 35-37 
Cephalanthus occulentalis 486 
Ccrasttuni arvense 514 
Ccratostomclla flmbriata 191, 192; ips 191, 
192; imerospora 191, 192; montium 191, 
192; obscura 191, 192; paradoxa 191; 
pcniallata 191, 192; piceaperda 191, 
192; pini 191, 192, 194; radicicola 191- 
194; stcnoccras 191, 192, 195 
Ccrcis canadensis 220; wilcoxiana 226 
Cerotelium daedaloides 520-522; fici 70, 
79; inorobe an u in 522 
Chactomunn mu rot tint 0 
Chalara my coder ma 373, 375 
Chalaropsis thielavioidcs 19], 192 
('handler, Clyde: Number of chromo¬ 
somes in two species of Amorphophallus 
(512 

Chet fa nth< s gi an lit ma 475 
Chondodendion candicans 400; limacii- 
folmm 401; plaliphyllum 400; tamer, 1 - 
tosum 400; loxicoferum 401 
Cliondrophora undo fa 61; r try at a 01 
Chromosomes of Astragalus 430 
Chrosperma m 11 scad 0 x 1 cum 225 
Chrysler, M. A., and W. G. McIntyre: 
The morphological nature of the phyto¬ 
synthetic organs of Orchyllnim Endrcsn 
as indicated by their vascular structure 
252 

Chrysomyxa pyrolac 70 
('tenla Curtissn 486 
Cinucifuga amnicana 224 
Ctrcaca lat if oh a 225 
('issus <iuadmngulans 527 
Clarionta alpistns 149; var. aberrans 147; 
alpicola 147; amaurocrara 142, 149; 
bacillar is 142, 149; bcllidi flora 147, 149; 
borbomca 145; Boryi 149; cacspiUcia 
141, 145, 147; calycaniba 139, 145; 
canosa 141; carolintana 149; ccnotca 
147; chlorophaca 139, 143, 145; clavuh- 
fera 145; coccifera 142, 149; coviocraca 
145; comsta 145; cornvloradiata 145; 
enspata 157; cristatclla 142, 144, 149; 
crypt odd orophaca 143, 145; cyavipcs 
149; drformis 143, 149, 150; dclicata 
147, 148; dcstncla 150; didyma 142, 
144; digitata 143, 148; endosantha 143, 
148; bivansii 141, 146; flmbriata 145, 
150; Flocrkeana 142, 149; furcata 141, 
145; glauca 147; gonccha 143, 147, 149; 
gracilis 145; var. elongata 141; Grayt 
145; impexa 146, 147; werassata 143, 
144, 147, 149; Uporina 143, 144, 149; 
macilcnta 142, 143, 148; major 141, 145, 
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3 50; mateocyatha 145; me rochlorophaea 
145, 146; mitis 149, 150; mitrula 145; 
multiformis 145; nemoxyna 145; papil- 
laria 141; persquamulosa 148; pityrea 
J45; pleurota 143, 149, 350; polydactyla 
143, 148; pyxidata 145; ranyiferina 341, 
145; rangiformis 141, 150; JRavenelii 
148; san tennis 148; scabriu scuta 145; 
squamosa 147; strepsilis 142, 347, 348; 
subcanosa 146; subsquamosa 148; syl- 
vatica 145, 149; symphycarpia 141; 
tenuis 145, 149; un rial is 149; verticil - 
lata 139, 145, 150; vulcanica 144 
Cladoniae, Asahina’s mierochemical studies 
on the 139 
Cladrastis lvtea 221 

Clausen, Robert T.: The section Sedas - 
tram of Sedum 289 
Clayton io virgin tea 223, 224 
Clethra at hi folia 515 
Clinton to borealis 225 
Clitona ternatea 513 

Cnnmdophacos con ferti floras 433; flams 
433; Grayi 433; pectinatus 433; rafae - 
I crisis 433; toanus 433 
Coeeulus eineraseeris 400 
Coyswellia ambigua 60 

Colchicinized onion root-tips, metaphase in 
175, 459 

Collin sonia canadensis 225 

Colubrina asiatica 545; ferruyinosa 79; 

papuana 545; ntiensis 544, 545 
Commelnua angustifoha 398; ereeta var. 
anyust\folia 398; f. crispa 398; var. 
Dramiana 398; var. Greenei 398; var. 
typica 398; f. intercursa 398 
Concept of inflorescence 496 
Constance, Lincoln, and Mildred TS. 
Mathias: New North American Umbel- 
liferae—II 58 

Conyza absinthiaefolia 629, 631; araneosa 
632; bonariensis 632; canadensis 632; 
confusa 632; Coultrri 630; divaricata 
632; eriophylla 632; ynaphalioides 630, 
632; xnicroglossa 632; mima 630; no to- 
bellidiastrum 631; parva 632; pusdla 
632; ramosissima 632'; Schiedeana 532; 
spathulata 632; subspathulata 632 
Conyza , the separation of Erigeron from 
629 

, Coprosma elhptica 393; longifolia 394;‘ 
var. longifolia 394; var. oppositifolia 

394; molokaiensis 394; montan a 393; 
var. crassa 393; ochracca var. kaalae 
394; var. typica 393 
Coreopsis palmata 36, 37 
Corn us canadensis 492; florida 492; mas 
514 


Coryltis americana 40 
Coryne sarcoidcs 372, 374, 376 
Crataegus eris-galli 490; var. daniclsii 491, 
493; f. vulgaris 491; mollis 491; prui- 
nosa 490, 492, 493, 495; f. pnberula 491 
Crataegus , the inflorescence of 489 
Croizat, Leon: The concept of inflores¬ 
cence 496; What is the trinomial tvpi- 
cus ?—I 310; IT 406 

Cronquist, Arthur: The North American 
species of Erigeron centering about E. 
speewsus (Lindl.) IX\ and E. glabellas 
Nutt. 265; The separation of Erigeron 
from Conyza 629 

Ckosk, G. L.: The shoot apices of A thro- 
taxis and Taiwania 335 
Crossing-over mid second division segrega¬ 
tion in fungi 605 

Croton ciliato-glandulosa 70; calresceus 
70; draco 69; gossypifolius 521; hirtus 
521; monanthogynus 521; payaiiuensis 
69 

Cryptogramma acrostichoides 475 
Cryptomcria japonica 23 
C ryptotacnxa canadensis 225; japonica 33(i 
Cummins, George B.: Descriptions of trop¬ 
ical rusts—V 68; VI 517 
Cumminsiella standlcyana 70 
Cunnnighatma lanceolata 20, 336 
Curtis, John T., and Robert E. Duncan: 
Growth of fruits in Cal tie ya and allied 
genera in tin* Orchidaceae 104 
Cuscula approxnnata var. episonchum 67; 
var. leucosphacra 67; var. Webbii 67; 
australis \ar. breviftora 66; var. Tinri 
66; II at ansae 67; var. soentrensis 67; 
braehy calyx 67; capillar is 67; vai. 
syriana 67; eompaeta var. efimbnata 
65; cordofana 67 ; corymbosa var. stylosa 
67; decora 62; var. md< corn 62; var. 
pulchcrnma 62; denticulata 64; Epi- 
thymum var. alba 67; var. angustata 67; 
yar. any ust issuna 67; Elossdorfli 66; 
foetida var. pycnantha 67; formosana 
66; grandtflora 65; GronoVu 64, 65; var. 
curta 65; var. latiflora 64; var. Saururi 
64; llarpcri 61; hispidula 62; indecora 
62, 63; var. neuropetala 62; japonica 
60; var. formosana 66; var. thyrsoidea 
60; megalocarpa 65; nucrantha 02; 
neuropet ala 62; var. lift oralis 62; ne- 
vadensis 63, 64; palaestina 67; var. 
syriana 67; paun flora 62; plain flora var. 
Godronii 67; var. subpapillosa 67; 
potosina 67; var. globifera 67; puh 
cherrima 62, 63; pusilla 62; raccmosa 
var. miniata 66; var. minuta 66; reflexa 
var. an gain a 67; var. braehy stigma 66; 
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saceharata 07; sahna 04; var. apoda 63; 
Suksdorfii 03; umbrom 05; Veatchii 64; 
var. apoda 63; xanthochortos var. can- 
vat a 07 

Cusritta, Nonienclatorial changes in the 
genus, and notes on some American 
species 01 
Cyras rcvaluta 23 
CyinophyUus Frasrri 225 
Cynoxylon floral um 221 
Cyperus fihculmis var. macdevtns 36; me- 
lanost acini us 80; rotundas 397; sell we in- 
itzi 36 

Cypn/iedtnm parriftorum 351 
C list opt ms 1 1 ayihs 223 
Ontological study of o mitosis in the polv- 
somatic plant Sjimaeia otcracca , with 
comparntiw* observations on Album cepa 
457 

Daerydtum 1 yeopodwides 533 
Dart jilts (/hum rata 470 
Dahlia maionu 69 
Dal tacit pa vtf tennis 544 
Dai uknmike, R F., \xi> A. W. Slum*: 
Plant succession on talus slopes in north¬ 
ern Idaho as influenced by slope ex¬ 
pose! e 473 

Dt codon vt rhctllatus 485, 480 
Den tnt/ia a tosiouh s 514 
J)t//nit rta vittrusts 537 
Dent ana diphylla 222, 224 
Df smoduun iHntoenst 35, 38 
Descriptions of tropical rusts—V 08; VT 
51 7 

Dicotvledones, Flower fonns and groups of 
510 

Dutymmm nianpis 161 
Dujitana pi in tens 534; scalannn 526 
Differentiation in rod root-tips of Phalans 
at and mart a 182 

Diholcos hisulcat us 432; haydenianns 432; 

ooealyets 432 
Diphyth la cfimosa 225 
Jhphffsa ffonhunda 81 

Diospyros vn i/miana 220, 515; wdcoj iana 
220 

Jhseoealy.i mult (flora 547; sylvestris 547 
Dtsporum lannymosum 224 
Distiehhs ant mobta 049; araucana 049; 
condensata 049; dentata 53-50, 639, 042, 
040, 049; distiehophylla 038, 049; htrta 
049; It until is 049; taxi flora 049; mar- 
(finata 649; mantuna 038, 040, 049; vat. 
laxa 040, 049; \ar. strict a 040, 049; 
mendocma 049; mi sera 049; mutti- 
nerrosa 049; nodosa 038» 049; pal men 


049; prostrata 640, 049; scoparia 638, 
049; spxcata 53, 038-049; var. borealis 
041-045, 649; var. divaricata 041, 043, 
646, 047, 649; var. humilts 639, 649; var. 
laxa 649; \ar. marymata 639, 649; var. 
mendocma 649; var. mexicana 641-643, 
048, 649; var. nazia 641-643, 640, 647, 
649; var. stolon if era 641-643, 645, 646, 
649; var. stricta 641-643, 645, 646, 649; 
var. thnlassica 640, 649; slncta 53-56, 
638, 639, 649; var. laxa 649; tcvniifoUa 
649; texana 638, 649; thnlassica 649; 
var. mendocma 649; vmdis 649; volck- 
manm 649 

Dtsttchlts spiral a , The North American 
\ariations of (538 

Dodd, .John D., and Alexander Gkrkhoy: 
Experiments in the grafting of species 
in tlie genus Viola 91 
Droscra rotnndifolia 236 
Dr pop tens ddatata 223; hexayonopiei 
223; intermedia 222, 223; marymahs 
223; noveboraeense 223 
Dubanha hneans 396; lonchophylta 396; 

nticulata 596; sherffiana 395-397 
Duhchmm arundmacenm 237 
Drxrw, Roufkt E., and .John T. (Yktik: 
Growth of fruits in Catthya and allied 
genera in the Orchidaceae 104 
Dwyer, .John 1).: J\ai< tcurea, a new genus 
of the Ochnaceae 50; Taxonomy of the 
monogeneric tnl>e Ehasieae (Ochna¬ 
ceae ) 42 

Dysclioriste quadrant!ulans 76 

Kteoehans acieulans 237 ; oehreata 486 
Ktephantopns moths 395; spieatus 395; 
tomentosns 395 

Eleutheranthera ruderahs 77, 78 
Elvasia br< I'tpt dicetlata 44,47; calophyllea 
42, 43, 15, 46; eanesrens 44, 46, 47; 
earunt lists 42, 44, 48; etvasioides 44, 48; 
cssrquibensis 44, 47; Jlostmanma 48; 
qumqueloba 44, 45; sehombnrqkt 45; 
spi uei i 45 

Elvasieae, Taxonoim of the monogeneiic 
tribe 42 

Kndocomdiophora }iarado.ia 191-194 
Elinens obtusifolia 515 

Ephedra attissnna Deaf., Structure and 
development of the shoot apex of 15 
Ephedra alhsstma 15-24; rampytojioda 
17; monostachya 16; vuh/ans 10 
Epulendrum ediare 105-107, 113; var. 
latifoha 112; cochleatum 105; var. Irt- 
andrum 100, 107, 110-115; tampensr 
105, 100, 115 
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Epipactis palustris 349 

Eragrostis macilenta 528; unioloidcs 534 

Erechtites hieracifolia 486 

Eriantlius gigantevs 486 

Erica cinerea 515 

Erigeron abrupt orum 274; acris 630; al- 
pin vs 629, 630; anicularum 273; var. 
latnisculus 273; anodontus 274; apion- 
latus 267; arancosus 632; aspcr var. 
appressus 273; var. subinteger 274; 
Bdkeri 271; bonariensis 632; canaden¬ 
sis 35, 36, 38, 630, 632; consobrivus 
274; conspicuous 271; divaricatus 632; 
Drummondii 274; Earlei 274; cldensis 
267; criophyllus 632; euccphaloidcs 269; 
exmius 268, 272; f rat cm vs 274; folw- 
sissimus 269; formosissimns 266, 267, 
272; var. typicus 272, 273; var. viscidus 
268, 272; fruUceiorum 272; glabellus 
265—267, 271, 273, 274; subsp. pubes- 
cens 273, 274; subsp. typicus 273, 274; 
gnaphahoides 630, 632; grandiflorus 

, 272; Guliclmi 272; hirtuosus 272; tn- 
cancsccns 271; iodanthus 272; Iciophyl- 
1ns 269; macrantlius 269, 270; subs}). 
mints 267; microglossis 630, 632; mul¬ 
ticolor 273; oblanccolalus 273; obsenrus 
273; oligodontus 274; var. acuvnnatus 
273; oxyodontus 274; patens 269, 270; 
peregnnus 632; plaiyphyllns 267, 269- 
271; procerus 274; pusillus 632; rubi¬ 
cund ns 272; rudis 269; salicinus 268; 
scabmdus 272; Schtcdranus 630, 632; 
sc in i rasvs 269; si m pi ex 629; S m ith it 
272; spathulatus 633; spcciosus 265- 
270; var. macranthus 269, 270; var. 
typicus 268; subasper 272; subcostal us 
273; subsptcatus 630; subtrinervis 266, 
267, 271, 272; subsp. conspicuus 271; 
subsp. typicus 271; superb us 266-268, 
272; uintahensis 267, 270; uni floras 
629, 630; villosulns 271; viscidus 270, 
272; Vrcelandii 269, 270 
Erigeron f Th^ North American species of, 
centering about E. spcciosus 265; The 
separation of, from Conyza 629 
Eriogomm subalpinum 473, 477 
Enophorum chamissonis 236 
Erysiphc gra,minis tritici f Influence of 
temperature on the infection of wheat 
* by 378 

Erythrina amazonica 635; americana 636; 
Bertcroana 79, 635; breviflora 634; 
Corallodendrum var. bicolor 635; cos- 
taricensis 637; crista-galli 634; cubensis 
635; Domingvezii 634; edulis 634; fal- 
cata 634; flab elli for mis 635; gibbosa 
636; glauca 633; gnatemalensis 636; 


herbaoea 635; lanata 635; lanccolata 
636; leptorhiza 635; macrophylla 637; 
mcxicana 635; mitis 635; montana 635; 
pallida 635; panamensis 637; Poeppigi- 
ana 634; rubinervia 636; speciosa 634; 
Standleyana 636; velutina 637; verna 
634 

Erythrina , Supplementary notes on the 
American species of—II 633 
Erythronium americanum 222-224 
Eulalia fulva 529 

Euonymus amcricanus 222; obovatus 222; 
yedoensis 514 

Eupatonum Icptopliyllum 486; purpurcum 
486; urticacfolium 222-224 
Euphorbia corollatd 36-38, 40; maculala 
36 

Euchlaena mcxicana 69 
Evans, Alexander W.: Asahinn’s micro¬ 
chemical studies on the Oladoniae 139 
Excavatia clliptica 549; vihcnsis 549 
Experiments in the grafting of species 
in the genus Viola 91 

Fag ns grand if olio 220, 221 
Fassett, Norman (\: Another driftless 
endemic 398 

Fcstuca distichophylla 649; ulaliocnsis 
477; ovina 470; pratensis 470, 471; 
trihcca 649 
F evil lea triloba! a 515 
Ficus involute 79 

Flavobactcnuin decorous 4; fuscum 4; 

lacunatum 4; sulfurcum 4 
Flower forms and groups of Dicotvledones 
510 

Floating mats on a southeastern coastal 
plain reservoir 481 
Fames annosus 372, '374, 376 
Forsyth ta intermedia 515 
Fouquicria splcndens 515 
Fosberu, F. R.: Notes on plants of the 
Pacific Islands—III 386 
Frankcnia Jemcsu 514 
Frankhnia alalamalia 514 
Fraxmus americana 221 
Fuchsia min uhflora 68; speciosa 514 
Futrcna mcompleta 76 
Fuligo scptica 156, 161 
Further experiments on the nutrition of 
isolated tomato roots 184 
Further note on the production of thia¬ 
mine by Actinomyces 369 
Fusarium reticulatum 8 

Galium aparinc 225; circaczans 225; tine- 
torium 486; triflorum 224 
Gaultheria shallon 236 
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Gelrer, Sidney, and Michael Levine: 
Metaphase stage in eolchicinized onion 
root tips 175 

Geopruinnon crassicarpum 433 
Genus Stachyurus 615 
(rent lava macrophylla 515 
Geranium mandatum 225 
Germination rapacity of maize pollen hav¬ 
ing aberrant nuclei 449 
Gershoy, Alexander, and .John I). Dodd: 
Experiments in the grafting of species 
in the genus Viola 91 
Gram canadcnsc 225 

Gieeord, Ernest M.: Structure and de¬ 
velopment of the shoot apex of Ephedra 
altissima Desf. 15 

Gilly, Chari.es: A preliminary imestiga- 
tion of the North Ameiiean canes 
(Aruridinaria) 297 
Ginkgo hdoha 18 

Gle\kon, TT. A. t and J. If. Pierce: Two 
new species of Tlypt ricum from Colom¬ 
bia 174 

(rlob if era unibrosa 48 6 
Glycine A pi os 225 
Goodt ma oral a 515 

Goiddia hiltebiandu var. nodosa 393; ^ai. 
iitpica 393; st.-johnu \ai. inunroi 390, 
391; var. typica 390; ttiminahi s* nir. 
bobeoides 390; var. conlata f. encordata 
391; f. so lit ah folia 391; \nr. kapuacnsis 
f. pittosporoides 392; f. violetae 392; 
var. lanai 390; var. man near pa f. cime- 
ata 392; /. sclcrophytla 392; \ar. ostco- 
earpa 392; var. orata 391, 392; f. 
tno vat a 391; f. obovata 391; \ar. par- 
nda f. euparrifoha 392; f. impressa 
3)91; f. sttbpilosa 392; vai. pnbeset ns 
392; \ar. pseiidodichotoma 390, 391; 
\ar. snbeordata 390, 391 
Grosstdana ('ynosbatt 222 
Growth of fruits in ('tilth igt and allied 
genera in the Orchidaceae 104 
Gendeksen, Alfred: Flower foinis and 
groujis of J)icotyledones 510 
Gyvinolomia subfir.t nosa 78 
G ymnosporanymm g note malum uni 71 ; 

meridissnnnm 71; a pcciosuni 70, 71, 77 
Gynandropsis sprciosa 540 

Jfabenaria reptns 485, 486 
Ilalesia monticola 219, 220, 221 
Hamamclis virginiana 221 
Hansen, Henry P.: A pollen study of two 
bogs on Orcas Island, of the San .Tuan 
Islands, Washington 236 
Jfavsennla snavcolens 373 


(i()9 

Jfarungana matlagascarensis 522 
Ttazen, Tracy Elliot 559 
Jfedeoma pidegioidcs 37 
Jfcdycliium coronartum 535 
Jlelianthcmum canitni 514 
Tlelianthus animus 563-596; long if aims 
61 ; accident alts 35-38 
Jielianthus animus seedlings, Osmotic 
quantities of the cells of 563 
Hemileia harunganae 522; mtideae 522 
Ilcmitrichia vesparmm 152-162; Observa¬ 
tions on the culture of 152 
Ifepatica amerlcana 226; triloba 22(5 
Herrick, ,J. Arthur, and Const. J. 
Alkxououlos : A further note on the 
production of thiamine by Actinomyces 
369 

Henchcra amencana 225 

Jhcona a qua I tea 226; cordifonnis 221; 

glabra 22(5; jacksontana 22(5; pecan 22(5 
Hibiscus ocuhroscus 48(5; hhaccus 397 
11 icran inn albtrhnuni 477; longipihun 36, 
38 

Jlotodiscus , A taxonomic revision of the 
genus, (Rosaceae) 275 
Jlotodiscus argentcus 27(5, 277, 278, 285, 
28(5; var. alpestris 286, 288; xar. bifrons 
285; var. Matudai 286; var. typicus 
28(5, 288; var. velutinus 286; australis 

276, 281; Ilonrsini 277, 282, 286; dis¬ 
color 276, 277, 278; xar. delnortensis 

277, 278, 280, 286; \ar. dumosus 281; 
vai. frannscanus 278, 279, 280, 286; 
nir. glabrt set ns 284; vai. microphyllns 
283; var. typicus 278, 279, 28(5; dumo¬ 
sus 27(5, 27 7, 280; var. australis 281, 
28(5; vai. Schaffneri 281, 288; var. 
typicus 280, 281, 286; fissus 27(5, 278, 
284, 286; Jrannscana 279; glabrt sccns 
284; Lotstnen 285; mtciophyllns 277, 
283, 28(5; \ai. glabrescens 283; var. 
sericeus 283; \ar. typicus, 283, 281; 
orizabae 278, 284, 28(5, 288; pachyths- 
cus , 277, 282, 28(5, 288; saatcola 282; 
Schaffneri 281 ; rein turns 28(5 

lit) mat oh us podocni pus 432 
llormodcndron pcdrosoi 376 
llostmannia clvasioidt s 48; < sst timbnisis 
47; Sagtdi 48, 49 
lloustonia pm pirn a 225 
Hui-Lin Li: The genus Sfachyurus (515 
Hunt, Kenneth W.: Floating mats on a 
southeastern coastal plain reservoir 181 
Hydrangea ai borcsccns 222 
Hydrocotyle ranuncidoidcs 485, 48(5; inn- 
bctlata 48(5 

Hydrophyllnm canadensc 224 
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Ifymenostephinm cordatum 78 
Hypericum ehamaemyrtus 174; cuatre- 
caeii 174; garciae 174; peiiolatiim 480; 
virpinhum 486 

Hypericum, two now species of, from 
Colombia 174 
liystnx Hystrix 225 

Iboza riparia 515 
Hex opaca 221; monticola 221 
1 m pa hens pallida 223, 224 
Index to American Botanical Literature 
82, 198, 325, 440, 550, 651 
Inflorescence of Gratae pun 489 
Inflorescence, the concept of 496 
Influence of temperature on tlie infection 
of wheat by the powdery mildew, Fry - 
si pit c pram mux Intici 378 
Injuries to trees caused by C clast r us and 
l'ilix 436 

I pom ova say it tala 486; 1 rival or 515 
Jsvhaemum Umorcusc 534 

Jonexidla Paltvrsom 433; praelonpa 435 

Juplans Sirboldiana 513 

J unco id < x bulbosum 225; salt ue use 225 

Juncus tenuis 225 

Jumper us nuxicana 70, 77 

Jussiaca prandi flora 483-487 

Kaictcuu a, a new genus of the Ochnaceae 
50 

Kaieteurea 50; gillyana 51 

Kermadccia f< rrupinea 537 
Knohlooh, I it vi no William: Morphologi¬ 
cal variation and cytology of 7 Iranian 
inermts 467 
Koelena crist at a 40 
Koclrentcria paniculata 514 
Hostel el zkya vrrpivica 485, 486 
Khckoff, B. A.: Supplementary notes on 
the American species of Mryllmna —II 
633 

Krckoff, B. A., ani> 11. N. Moldenke: 
Supplementary notes on American Meni- 
spormneene—ITT 400 

Knehneola arthuri 71 ; ^guatemalensis 71; 
harnsonme 74; flei 79 

Laeimaria nucrocephala 61 
Laeha pouhhana 105; purpurata 105; 
<• lenebrosa 105, 106, 108, 110, 115, 119; 
j anthina 105, 115 
Ledum proenlandieum 236 
Lanz, L. Wayne, and Henry N. An¬ 
drews: A Mycorrhizome from the car¬ 
boniferous in Illinois 120 


LenzHes belulina 372, 376 
Lepidium apetalum 35, 36 
Leptoloma copnatum 35, 36 
Leptoies bicolor 105, 106 
Leueaena plauca 397 
Lespedeza capital a 36, 37, 38, 40 
Levine, Michael, and Sidney (Jelber: 
Metaphase stage in colchicinized onion 
root tips 175 

Ley, A rune: A taxonomic revision of the 
genus Jiolodiscus (Rosacone) 275 
Liatris scanosa 36, 38, 40 
Lilium superbum 225 
Limnobium Sponpia 485, 486 
Linnava borealis americuna 236 
Linociera Gillespie! 548, 549; pauciflora 
548; rami flora 548; sessih flora 548; 
vitiensis 548, 549 
Lippia mynocephala 74; prtnplei 74 
Liquidambar styraeiflua 513 
Liriodendron ehinense 227; tuhpifera, 
219-221, 227, 437; tuhpifera var. 

ehinense 227 

Literature, Index to American Botanical 
82, 198, 325, 440, 550, 651 
Lithospenimm pmehm 37, 38 
Lobaria pulnumana 146, 147 
I a) mat mm am b ip mini 60; idahoense 58; 

laevipatnm 59; Rollinsii 59 
Lonchoearpns nnehehanus 78; ruposus 
78; ml id ts 78 

Lonehophaea marrocarpa 433; Oslerhoulii 
433 

Ludmpia alata 486 
Lnpnius pen nms var. oeeu/entahs 38 
Lutz, TJ. J.: Injuries to trees caused by 
(Uiastrus and Vdis 436 
Lynanthes qmvhensis 68 
Lyeopersieon <seulentum 116, 184, 189 
Lycopodium lucidnlum 223 
L if cop us ru bell us 486 
Ly podium japonic um 387 
Lysimachia quadnfolia 225 

Ma, Roberta, and Willivm J. Bobbins: 
Relation of certain fungi to thiamine 
190 

Macrosporogenesis, fertilization, and early 
embryology of Taraxacum kok-saphyz 
164 

Mainsia holwayi 73; peruvian um 73; 

standleyi 71, 72, 73 
Maize pollen, germination of 449 
Maprwlia Fro sen 219, 221 ; parvi flora 513 
Malachra alvei folia 389; rot undifoha 389 
Mai us anpustifolia* 419-424, 428, 429; 
corovana 419-424, 428; florenlina 419; 
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ylabrata 4 23, 424, 428; plat year pa 419- 
429; vnr. IJoopcsii 426, 429; xylvcxtns 
420 

M avixurix altixxhna 528; faxciculaia 528; 
granular is 528 

Mathias, Mildred E., and Lincoln Con¬ 
stance: New North American Umbel- 
li ferae— IT 58 

Maurandya crubcsccns 389; xcandcnx 389 
McIntyre, W. G., and M. A. Chrysler: 
The morphological nature of the photo- 
syntlietic organs of Orchylhum Kndrcxii, 
as indicated by their vascular structure 
252 

McVacuh, Rogers: The status of certain 
anomalous native crabapples in eastern 
United States 418 
Med cola riryimana 224 
Mcyaxiachya con dr nso t u in 049 
Mnbonua nudi flora 225 
Mel inis maiilandi 528; nunuhflora 528 
Menispermaceae, supplementary notes on 
American 400 

Mcnixpt rnunn dahunrum 513 
Mcnyanthrx tnfohata 237 
Mmcicxia fcrruyinca 473, 475 
M cxcmbryanlhcmitm cordiftdium 514 
Metaphase stage in colchicinized onion 
root tips 175 

M icranthcx nurranthidifolia 225 
Microbiology of the upper air 1 
Micrococcus aurantiarux 4; randiranx 4; 
randtdux 5; conylomcratus 4, 5; coral- 
I in NX 4, 5; flams 4, 5; f rrudcnrcichii 
4; I ill riis 4; perflarns 4, 5; roxarrux 4; 
xubntrrux 4 

M icroth yritc * ih/xoddix 130 
Middleton, John 1'.: Phvtophtlioia lot of 
Belladonna 244 
Mir g in pit mil a 307 
Mikama xcandcnx 485, 480 
Mimosa in visa 540, 541 
Mitchrlla rrpmx 224 
Miirlla dtphylla 225 

Moldknkk, II. N., and B. A. Kri kokf: 
Supplementary notes on American Mem- 
spermaceae—III 400 
Mollugo vrrtirdlata 35-37 
Monarda dulyma 223, 224 
Monilia albicans 373; inctalondnu lists 373 
Monoiropa vmflora 225 
Morphological nature of the photosy n- 
thetic organs of Orchyllium Kndrrxu as 
indicated by their vascular structure 252 
Morphological variation and cytology of 
Browns inrrmix 407 

Morphology and anatomy of Calopoyon 
pulchrllus 349 


Morux mxiynix 70 

Moyer, Dorothy, and Ball R. Bcrk- 
holder: Vitamin deficiencies of fifty 
yeasts and molds 372 
Muror ramanianux fi, 190-196 
MurhlrnbccVia iamm folia 80 
Myrodrrma Infant 373; vini 373, 375 
M ycorrhizoine from the carboniferous of 
Illinois 120 

Myoxotix alprstris 515 
Mynra aspinufolia 36-38, 40; rrnfna 
485, 486 

Myrixhca warrant ha 540 

Myrtux communis 514; nummulana 62 

Xajax flc.rih.s 127 

Nacss, Rutii N.: Observations on the cul 
lure of Ilrmitnclua vr spar nun, with 
special reference to its black plasmodial 
color 152 

Xcphrolepix bisrrrala 386, 387; \ar. fnl- 
ranx 386; rordifolia 386, 387; r.raltata 
387 ; fursnl tda 387 
Xrnum olraudi r 515 

Xcurospora 605; rraxsa 610; sitojdula 610 
New constituent in wheat germ oil 599 
New North American Umbelliferae—11 58 
New Species of Sphacralcca from New 
Mexico 531 

Nomenclatural changes in the genus Cux 
rnta , and notes on some American spe¬ 
cies 61 

Noitli American species of Enycron eon 
tering about K. xpicmsus (Lindl.) 1>(\ 
and IC. g label lux Nutt. 265 
North American ’variations of Dixhchhx 
s fit cat a 638 

Notes on plants of the Pacific Islands— 
111 386 

Number of chromosomes in two species of 
A morphophallux 612 
Xymphai a Candida 513 
Xyxxa bifloia 226 

Obsei\atious on the culture of Ilrmilnclna 
vexpanum with special reference to its 
black plasmodial color 152 
Ochroxia clhpftca 549 

Oenothera biennis 35, 37; rhombipetala 35 
Oneidntm lonytpcx 112 
Opuntia fmyths 238; xineta 514 
Orchylhum Kndrexn 252-260 
Orchyllium Endrrsn , the morphological 
nature of the photosynthetic organs of, 
as indicated by their vascular stiucture 
252 

Oxmorrhiza Claytont 224 
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Osmotic quantities of the cells in the hypo* 
eotyl of Jlelianthus an nuns seedlings 
503 

Osmunda ci nnamomea 223; regalia 480 
Oxalis Acetosella 226; montana 224, 226 
Oxydcndrum arboreum 221 
Oxytropis pin riorum 430 

Pachyrhisus angulatus 541 ; trilob us 541 
Padua vtrginiana 221 
Panax trifolium 223, 224 
Panic urn albcmarlense 35; arnndinanar 
69; drpauperatnm 36; virgatnm 485, 
486 

Farm alia acetabulum 146; cctrarioidcs \i\r. 

1 if pica 147 

Parthcriocissus <fuuiquefolia 222 
Paspalum d ish eh urn 534 
Passiflora alato-caerulra 514 
Fellca atropurpurca 398, 399; glabella 399 
Pentstemon frulieosus 475 
Pent as cameo 515 
Per ami urn opli hides 225 
Periploca gracca 515 
Pcrsca pubescens 485, 486 
Phaca Preussii 430, 433; crotalariae 433 
Phacclia fimbriata 223, 225 
Pliakospora colvmbiana 519, 520; croton is 
521; hansfordii 523, 525; mcibomiae 
523; paehyrhizi 73, 523; vignac 73, 523 
PhalarUt arundhtacca , differentiation in 
red root-tips of 182, 183 
Phaseolvs lathyroides 397; lunatus 523;' 

macrolcpis 73; vulgaris 2(53 
Phmlophora verrucosa 376 
Phlox paniculata 515; stolonifera 224 
Phleum alpina 470; pratense 470 
Phragmothyrites eocaentca 136 
Phyeomyces blakesleeanus 193, 369 
Phyllanthus reticulatus 527; speciosus 514 
Ph if satis virgmiana 37 
Physarum polyeephatum 154, 156, 158 
Physopella fici , 79 

Pliytophthora cinnamomi 190; crylhroscp- 
hca 244; var. atropae 244; parasitica 
244—250 

Pliytophthora rot of Belladonna 244 
Picea rubens 214, 221; sifehensis 236, 240, 
241 

Pichia alcoholophda 373; belgiCa 374, 375; 

Dombrowskii 374, 375 
Pierce, J. IT., and IT. A. Gleason: Two 
new species of Hypericum from Colom¬ 
bia 174 

Pileolaria standleyi 72, 73; clcmCnsiae 74; 
pistaciac 74 

Pin us albieaulis 477; banksiana 36, 38, 40; 
contorta 236, 238, 240, 241; monticola 


238, 240, 241; ponderosa 59; strobus 
437 

Piqneria standleyi 74, 7’7 
Pistacia mexicana 74 
Plan era aquation 226 

Plant succession on abandoned fields in 
the central Wisconsin sand plain area, 
34 

Plant succession on talus slopes in north¬ 
ern Idaho as influenced by slope ex¬ 
posure 473 

Plant ago lanccolata 515 

Platan us accroides 226; occidentalis 226; 

oriental is 513 
Plectronia vulgaris 517 
Pluehea foci ala 486 

Poa compressa 36, 37; cuspidal a 224; 
•michauxi 649; pratrnsis *170, 473 ; pros- 
trata 649; seopana 649; texana 649; 
thafassiea 649 
Podophyllum pel tat inn 224 
Pollen, Germination of Maize 449 
Pollen study of two bogs on Orcas Island, 
of the San .1 nan Islands, Washington 
236 

Polyalthia angustifolia 538 

Polygonum acre 485, 486; cow volt ulus 3(5; 

densiflorum 485, 486 
Polygonalum biflorum 224 
Polypodium virgin tan mu 226; vufgare 226 
Pohploidy in Scdum pulchcllum —1. Cvto- 
geographv 26 

Polyploidy in Sedunt pulchcllum —II. Sto- 
matnl size and frequency 261 
Poly par us versicolor 191, 192, 194, 195 
Polystichum acrostichoides 222, 223 
Poputus grandidentata 38, 40; tnehoearpa 
238 

Porter, C. L.: A new species of Sphaeral- 
cea from Mexico'531 

Portulaca fosbergii 397; grandiffora 514; 

Ultra 397; olcracca 397 
PotentiUa alba 513; palustris 237 
Pratt, Robertson : Influence of tempera¬ 
ture on the infection of wheat by the 
powdery mildew, Krysiplie gramnns 
tntiei 378 

Preliminary investigation of the North 
American canes ( Arundmaria) 297 
Primula Auricula 259; obcomca 515 
Prospodium conjunct um 74 
Pscdera quinquefolia 436 
Pseudomonas striata 4 
Pse udelcphan t op us spiral us 395 
Pseudotsuga taxi folia 59, 238, 240, 241, 
477 

Pterophacos pterocarpus 433; tetraptcrus 
433 
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Ptilimnium capillar cum 480 
Ptychocarya macrocarpa 030 
Puerarui Thomsonit 541; Thunbcrgiana 
041 

J*uremia alia 74; bcrbcridis-tnfohac 70, 
74; cacao 028; renehn 027; conochnii 
74, 77; cuilapensis 74, 77; degener , 72, 
74; digitariac 524; dyschoristes 72, 75, 
70; fannacea 75; finrcnae 70; gonamae- 
t iliacfoliar 023; hansfordiana 523-525; 
inaudita 70; kimurai 029; lens 528; 
oalmensis 024, 020; papptana 028; pas- 
pahcola 024; proba 70; rcpcntvna 76, 
77; ruelhae-bourgaei, 70; semota 78; 
seneemmcola 024; spcgazziniana 77, 78; 
subaguda 78; subslrtata 020; iubulosa 
024; ugandana 520; vagans 527 
Pyrulana pubera 222, 227 
Pi/tli i n m debar pan u m 248-200; irrcgulare 
*248-200; ultimnm 248-250 

Qucrcus alba 220; calvertonensis 220; cl- 
lipsoidalis 40 ; ganyana 238; macrocarpa 
40; maxima 22J ; Michauxii 220; mon- 
tana 221; pains!ns 220; prinus 220; 
relntma 40, 220 

Railliardia Inn arts 390; hmchophylla 390; 

reticulata 390; scabra 390 
Ranunculus abort tens 220; fascicnlarxs 
220; rccmvalus 224 
Rapanea crassiramea 047, 548 
Rarcnelta bizonata 80; brevispora 527; 

lonchocarpicola 78; mere 78; hi mills 78 
Reeder, .John U. : The status of Distichhs 
dent ala 03 

Isolation of certain fungi to thiamine 190 
Rhizophagites 131; butleri 128, 129, 131, 
130; minnnesotensis 128, 129, 131 
Rhamnclla hainancusts 044; rubrinervis 
044; vitiensis 044 
Rhododendron lappoiucinn 399 
Rhus glabra 38; toxicodendron 430, 480 
Ribes lacustrc 470; nscossnnum 470 
Rickett, IT. "W.: The Inflorescence of 
Crataegus 489 

Roukins, William .1., and Roberta Ma: 
Relatiou of certain fungi to thiamine 
190 

Robinia pseudoacacia 221 
Rosendahl, C. C).: Some fossil fungi from 
Minnesota 120 

Rubus betulifalius 480, 480; canadensis 
222; irasiunsis 73; nigrobaccus 222; 
Zwcrckhcimii 71 
Rudbcckia laciniata 224 
Ituclha amoena 389; graccizans 389; ven- 
trieosa 389 * 


Rnmex acetosclla 36, 37 
Rusts, Descriptions of tropical—V 08; 
—VI 517 

Ruta graveolcns 514 
Rutidca rufipilis 519, 523 
Ryan, Francis J.: Oiossing-over and sec¬ 
ond division segregation in fungi 605 

Saccharodcndron barbatum 220, 221 
Saccharomyccs bayanus 374; valid us 374 
Sacciolcpis striata 480, 486 
Sagiltaria latifolia 486; sagiltifolia 033 
Samtpaulia i< n ant ha 510 
Salacia pachycarpa 542 
Salix caprea 514; nigra 485, 486 
Salvia gracilis 75; marmot 75; myriantha 
70 

Salvuua formosa 220; nalans 226 
Samanea Saman 541) 

Sambucufi canadensis 480; mclanocarpa 
475; pnbens 222 
Sameula curopaea 233 
Sarrina flava 4, 5 
Sassafras albidum 430 
Sa t it r< ia e age n o ides 00 
Saurnrus ceriums 480 
Scabiosa caueasica 515 
Sclazonot us argenteus 270, 278, 280; var. 
al pest ns 288; var. august issnnus 284, 
288; var. dumosus 281 ; var. gnseus 288; 
var. intermedins 288; var. mcxieanns 
288; var. Mutisianus 280; anacfolms 
278; discolor 278; var. dumosus 281; 
var. fissus 284; var. Purshianus 278; 
dumosus 281 

Sehizosarcharomyees pombe 374, 375 
Schrankia (list achy a 540, 541 
Sciadott ma paracusis 404; Sagotiana 404; 
soltmoesaua 401 

Scirpodt ndron coslat urn 534; Gharri 534 
Selena bracteata 81; macrocarpa 530 
Scleroptens ilhnoiensis 120 
Srhomburglna lyonsit 100, 100 
Sropidartopsis bn c tea id is 0 
Seorpuli inn seorpmtdes 130 
Section Seda strum of Scdum 289 
Sedastrum, section, of Scdum 289 
Sedas! rum rhapalense 292; ebraetcatnm 
290; fflab rum 291; llemsleyanum 290; 
medium 292; pachintense 295; Painteri 
290; Palmtri 292; ritbricaule 290; tur- 
gidum 291 

Scdum, Section Sedastrum of 289 
Scdum barraneae 290; rhapalense 290- 
291; ebracteahun 290, 291, 292; var. 
rubrieaulr 291; glabrum 290, 291, 292; 
llemsleyanum 290, 295, 290; Hintonii 
290, 292, 290; invert um 290, 292; 1 in i- 
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folium 31; nevii 26, 30-32; nuttalli * 
anum 30-32; puck license 295; Painteri 
295; pulchcllum 26-32; rubricaule 290; 
temattm 29, 225; vigilimontis 33 
Sedum pulchcllum , polyploidy in 26, 261 
Sencbiera didyma 540 
Senecio dcnticulatus 524; fulgens 515; in- 
tegerrimm 477; Eugelii 225; warscc- 
wiczn 69 

Separation of Erigcron from Conyza 629 
Sequoia langsdorfii 136; sempervircns 336, 
337, 341 

Scquoiadendron gigantcum 336, 337 
Scricotheca argentca 286; Bourse iri 282; 
eoncolor 283; discolor 278; dinnosa 281; 
fissa 285; franciscana 279; glabrcscens 
284; microphylla 283; obovata 282; 
pachydisca 282; saxicola 282; S chaff - 
neri 281; velutina 286 
Serratia plymouthrnsis 4 
Setaria lutescens 36 

Shoot apices of Athrotaxis and Taiwania 
335 

Shortia galacifolia 515 
Sisyrinchi n m micran th urn 535 
Stjpp, A. W., and K. F. Dai'BENMIRE: 
Plant succession on talus slopes in 
northern Idaho as influenced by slope 
exposure 473 

Smilax hispida 222; Walteri 486 
Smith, A. C.: Studies on Pacific Island 
Plants—III. New and noteworthy flow¬ 
ering plants from Fiji 533 
Smith, Harriet E.: Polyploidy in Sedum 
pulchcllum —II. Stomatal size and fre¬ 
quency 261 

Solanum Dulcamara 515 
Soicnostigma paniculahim 536 
Solidago altisstma 395; axillaris 225; Cur- 
tisii 222-224 

Some fossil fungi from Minnesota 126 
Sorb us occidnitalis 475 
Sparganium curycarpum 127 
Spergularia marina 388; salina 388 
Sphacralcea , a new species of from Mex¬ 
ico 531 

Sphacralcea emoryi varialHlis 532; pro- 
cera 531, 532 
Sphaerclla lacustvis 559 
Spinacia olcracpa , C-mitosis in 457-465 
Spjraea argentca 275, 285, 286; ariaefolia 
276, 278, 289; Bmirsieri 282; discolor 
275, 278, 279; var. ariaefolia 278; var. 
dumosa 281; var. glabrcscens 284; 
douglasii 236; dumosa 279, 281; fissa 
284; IAndleyana 275; mcxicana 288 
Sporotrichon schenM 376 


Stachyurus , the genus 615-628 
Stachyurns chinensis 507, 616, 618, 619, 
625-628; var. cuspidatus 618, 619, 627, 
628; var. latus 618, 619, 627, 628; cor - 
datulns 617, 619, 621; Duclonxii 625; 
Esquirolii 618; japomcus 624; hima- 
laicus 615-619, 621-623, 627; lancifolius 
617, 619, 623; macrocarpus 617, 619, 
629; var. prunifolius 617, 624; Matsu- 
zalcii 617, 619, 623, 628; Nishimura 
624; obovatUS 615, 617, 619, 620; ovali - 
folim 618, 628; praccox 615-617, 619, 
622, 625, 626, 628; returns 618, 639, 
627; salicifolius 63 7, 619, 620; Sigey- 
osii 622; yunnanensis 505, 507, 615, 
63 7-620; var. obovata 620; var. pedicel - 
latus 617-619 

Staticc limonium 530; sinuata 530; spi- 
catum 529, 530 

Status of certain anomalous native crab- 
apples in eastern United States 418 
Status of Distichlis dnitata 53 
Stellaria holstea 233 
Stcnactis spcciosa 268 
Sticta pulmonaria 147 
Structure and development of the shoot 
apex of Ephedra altissima Dcsf. 15 
Studies on Pacific Island plants—III. 
New and noteworthy flowering plants 
from Fiji 533 

Supplementary notes on American Mcni- 
spermaceae—III 400 

Supplementary notes on the American 
species of Erythrina —II 633 
Svida altcrnifolia 221 
Swartzia Montana 130, 134 
Symplocas iinctoria 515 
Syndesmon thalictroides 225 

Taenidia iniegerrima 225 
Taiwania cryptomerioides 337-347 
Tahnum panindalum 537; paints 537; 

triavgulare 68 
Tamarix pentandra 514 
Taraxacum kok-saghyz , Macrosporogonesis, 
fertilization and early embryology of 
164 

Taraxacum kok-saglxyz 164-172; officinale 
364 

Tauschia Ehrcnbcrgii 58; Johnstoniana 
" 58; Stricklandi 58; texana 58 
Taxodium distichum 20, 23, 226, 336, 485, 
486; dvbium 226 

Taxonomic revision of the genus Jlolodis- 
cus (Rosaceae) 275 

Taxonomy of the monogeneric tribe Elva- 
sieae (Gchnaceae) 42 
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Tefitoxicum inopinat uni 402 
The tertiary character of the cove hard¬ 
wood forests of the Great Smoky Moun¬ 
tains National Park 213 
Tcssenia glabella 273; var. subdiscotdea 
274 

Thaltcfrum dioicum 225 
Thamnolia vermicidarts 148 
Thelypterin pal nutria 480 
Theobroma Cacao 514 
Theophraata Jussieui 515 
Thiamine, Relation of certain fungi to 190 
Thielavia braaicola 244 
Thomson, John W., .Ir. : Plant succession 
on abandoned fields in the central Wis¬ 
consin sand plain area 34 
Thuja hetcrophylla 240, 241; phcata 237 
Tiarella cordifolia 222, 224 
Tiha amerteana 220; jack son iana 220; 

ncglccta 220, 221; tomcntoaa 514 
Tillandsia usneoules 480 
Timonius kajewskii 393; smithii 393 
Tnnn Drummondn 433; raccmoaum 433; 
palana 433 

Torulopaia dattda 374; mohschiana 374; 

sphaerica 374, 375 
Tovara vtrginiana 224 
Tracy Elliot TIazen 559 
Trichophyton acuminatum 370; d taco idea 
370; favi forme 370; mentagrophytea 
370; rubrvm 370; nulphureum 370; 
violaccum 370 

Trlchothyrltes pleistocaenica 133, 135, 

137 

Trichovalcaia cancaccns 40 
Trillium erectum var. album 224; grandi- 
jlorum 225 

Trinomial tvpicus, What is the?—I 310; 
IT 400 

Tripuacum dadyloidea 470 
Tnticum vulgarc 384 
Tntonia crocusmiacflora 535 
Troll i ua lax us 513 

Tanga canadensis 220, 221 ; hetcrophylla 
230 

Tulipaairnm acuminatum 221 
Two new species of Hypericum from 
Colombia, 174 
Typlia lahfolia 485, 480 
Typicus, What is the trinomial?—I 310; 
II 400 

Vlmua alata 220; baaicordata 220 
TTmbelliferae, New North American—II 
58 

Uniola distichophylla 049; mantima, 049; 
palmcri 049; apical a 049; strict a 038, 
045, 049 


Vraria lagopodxoidea 523 
11 redo ccnchricola 527; cissicola 527; 
colubrinae 79; digitariaecola 524; en- 
tandophragmae 527; eragroatidicola 
528; crythrinae 79; eulaliae-fulvae 529; 
fierna 79; kigeziensis 527; machacrii 
79; machaeriicola 79; mclimdis 528; 
mira 528; morobeana 528, 529; muehlen - 
beckiae 80; obnixa 80; obvoluta 80; 
puailla 79; quichensis 80; reissekiae 
79; rottbocllii 528 

Uromyces calopogonii 80, 81; comedena 
520; congoensis 530; florahs 530; poya- 
2 crisis 530; hob son i 526; Union li 530; 
natrassll 529, 530; pusUdatns 525, 530; 
rhodesicus 530; s cleruie 81; at a t ices- 
mucronatac 530 
Uropyxis diphysae 81 
Urt least rum divancatum 222-224 
Usnea barbata 142; ceratina 142; d\ffrata 
142; japonica 140 

Vtncularia hi flora 480; bryophylla 252; 
cornuta 252, 259; gibba 486; montana 
252, 250-259 

Yareimum arboreum 220; corymbosum 
515 

Vagnera ran mosa 225 
YahdalUum tricoccum 224 
Vaselia giiinqucloba 45 
Yaseyo^hloa multincrvosa 649 
Yeratrum viride 224 

Viburnum lantanoides 222; scabrellum 480 
VILKOM brkon, HILDA: Chromosomes of 
Astragalus 430 

Yiola blanda 222, 224; canadensis 92, 90, 
97, 100, 101, 103, 224; conspersa 102; 
cucullata 225; eriocarpa 225; hastata 
224; odorata 92, 95, 97—103; pollens 
225; papihonacea 93, 94, 90, 98-103; 
JRivmiana 102; rust rata 224; rotundi- 
folia 225; sororia 222, 224; striata 92, 
97—103; tricolor 94-103; var. j dorairen- 
sis 92; var. In tea 92 

Yiola, Experiments in the grafting of 
species in the genus 91 
Vitamin deficiencies of fifty yeasts and 
molds 372 

Yd is aestivalis 222, 436; bicolor 430; 
labi usra 430; ruipnia 430 

lYallia emerea 221 

Wakmke, II. E.: Macrosporogenesis, fer¬ 
tilization and early embryology of 
Taraxacum kok-saghyz 104 
Wcdeha acap siren sis 70, 08; fihpcs 70 
What is the trinomial typicus?—I 310; 
IT 400 
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CVol, 70 


Wheat germ oil, A new constituent in 599 
Witktjs, E. B., and C. A. Berger: A 
cytological study of c-mitosis in the 
polysomatic plant Spinacia oleracea, 
with comparative observations on Al¬ 
lium cepa 457 

Wolf, Fred T.: Microbiology of the upper 
air 1 

Wolffiella flondana 485, 486 
Woodwardia areolata 486 j virginica 486 

Xenatrnm nmbellatum 225 
Xerophyllum tenax 475, 477, 478 


Xylophacos Casei 433 
Xylopia paclflca 588, 539; vitiensis 539 
Xylosoma Archboldianum 546 ; Bryaaii 
545, 546 

Xyris communis 486 

Yunckkr, T. G,: Nomenclatural changes 
in the genus Cuscnta and notes on some 
American species 61 

Zanichellia palustris 127 
Zea mays 449-456 
Zizia Bebbii 225 
Zygopeialum maclcayii 112 
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